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The  Geological  Sarvey's  work  upon  manganese  was 
taken  up  in  Jaly,  1889,  and  entrusted  to  Dr.  B.  A.  F. 
Penrose,  Jr.,  assistant  geologist,  by  whom  all  the  work  has 
been  done  except  such  aid  as  could  be  given  by  others  in 
mapping,  drawing,  and  in  making  analyses.  Every  known 
manganese  mine  and  locality  in  the  state  has  been  ex- 
amined by  him,  and  is  here  reported  on  in  its  general 
geologic  relations  and  almost  always  in  detail. 

Besides  describing  occurrence  of  ores  in  this  state,  the 
subject  of  manganese  has  been  taken  up  as  a  whole.  This 
has  led  to  an  investigation  of  the  different  kinds  of  ore  and 
of  the  uses  to  which  they  are  put.  In  order  to  ascertain 
the  importance  of  the  Arkansas  deposits,  it  was  necessary  to 
know  to  what  extent  the  other  mines  in  the  country  could 
meet  the  demand  for  manganese.  This  made  it  essential 
that  all  the  other  manganese  mines  should  be  examined. 
But  as  the  funds  appropriated  were  not  available  for  work 
outside  the  state.  Dr.  Penrose  has  himself  met  these  expenses 
out  of  his  private  funds,  and,  in  addition  to  doing  the  field 
work  on  manganese  in  this  state,  he  has  visited  and 
personally  examined  every  known  manganese  region  in 
North  America — ^those  of  Georgia,  Tennessee,  Virginia, 
Vermont,  Texas,  Arizona,  Colorado,  California,  Oregon, 
Nevada,  Utah,  Nova  Scotia,  and  New  Brunswick;  only  lack 
of  time  prevented  his  visiting  those  of  Cuba  and  Chili.  The 
conclusions  given  in  the  report  are  therefore  based  upon 
direct  personal  observations,  and  it  is  felt  that  they  are  thor- 
oughly trustworthy.     The  descriptions  of  deposits  other 
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than  those  of  Arkansas  serve  to  brin^  oat  in  bolder  relief 
the  value  of  oar  manganese  ores. 

The  report  has  been  prepared  apon  the  general  plan  of 
discassing : 

1.  The  uses  of  manganese,  together  with  the  history 
and  statistics  of  the  manganese  industry ; 

2.  The  ores  of  manganese ; 

3.  The  nature  of  the  manganese  deposits. 

In  the  descriptions  of  localities  the  deposits  of  the 
Batesville  region  have  been  treated  first,  and  in  greater 
detail  than  the  others,  for  not  only  did  those  deposits  famish 
the  chief  incentive  for  making  the  present  investigation,  but 
they  have  been  worked  up  more  thoroughly  than  the  other 
regions,  and  their  discussion  forms  the  most  important  part 
of  the  report.  After  the  discussion  of  the  Arkansas  de- 
posits, the  Appalachian  region  is  described ;  then  the  various 
other  localities  are  taken  up  geographically,  beginning  with 
Texas  and  continuing  westward  to  California;  the  deposits 
of  Canada  are  treated  last. 

The  small  map  showing  the  distribution  of  manganese 
in  the  United  States  and  Canada  gives  the  principal  areas 
from  which  ore  has  been  shipped,  and  those  from  which, 
either  on  account  of  its  scarcity,  poor  quality,  or  distance 
from  railway  transportation,  no  important  quantities  of  ore 
have  yet  been  produced.  The  distinction  between  these  two 
classes  of  localities  is,  in  certain  cases,  somewhat  arbitrary^ 
but  the  classification  has  been  made  on  the  basis  of  the  best 
statistical  information  obtainable.    (See  chapter  IV.) 

A  geological  map  of  the  Batesville  region  is  folded  in 
the  pocket  in  the  cover  of  the  volume.  The  geographic  base 
of  this  map  was  compiled  from  the  government  township 
sheets,  and  these  were  corrected  and  added  to  by  data 
collected  by  the  Survey.  Later  a  number  of  roads  were 
added  from  the  field  sheets  of  the  U.  S.  Geological  Survey 
topographic  corps  by  whom  the  region  was  mapped  after 
the  present  State  Survey  had  finished  the  geologic  work. 
The    topography  of  the  Boston    Mountains    is   from  the 
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same  source.  No  attempt  is  made  to  show  the  topography 
io  the  region  north  of  the  Boston  Mountains,  for  its  repre- 
sentation would  obscure  important  geologic  details. 

Dr.  Penrose  was  aided  in  the  preparation  of  the  map  of 
the  Batesville  region  by  Prof.  J.  H.  Stoller,  T.  C.  Hopkins, 
Prof.  W.  8.  Blatchley,  D.  M.  Barringer,  and  H.  Landes.  In 
southwestern  Arkansas  the  geologic  investigations  made  by 
Mr.  L.  S.  Griswold  of  the  novaculites  aided  materially  in  the 
comprehension  of  the  details  of  the  structural  geology  and 
distribution  of  the  manganese-bearing  strata  in  that  part  of 
the  state. 

The  chemical  analyses  when  not  otherwise  accredited 
have,  with  the  exception  of  that  of  pelagite  (p.  83)  which  is 
quoted  from  J.  D.  Dana,  been  made  in  the  chemical  laboratory 
of  the  Survey  by  Dr.  R.  N.  Brackett. 

Two  classes  of  analyses,  mineralogical  and  commercial, 
are  given.  The  mineralogical  analyses  are  of  carefully 
selected  specimens  of  the  purest  and  most  characteristic  ores 
from  each  region.  They  are  intended  to  show  the  mineral- 
ogical nature  of  the  ores  and  do  not  represent  their  economic 
value  in  large  quantities.  The  commercial  analyses  are  made 
of  samples  taken  from  large  shipments  of  ore  in  the  condition 
in  which  it  is  used,  and  are  intended  to  represent  the  com- 
mercial values  of  the  ores.  A  number  of  these  analyses  are 
given  with  most  of  the  important  manganese  localities.  In 
cases  where  such  analyses  were  not  obtainable,  however, 
analyses  of  hand  samples  are  given.  Where  the  ores  are 
useful  mainly  for  the  manufacture  of  spiegeleisen  and  ferro- 
manganese,  the  commercial  analyses  represent  the  contents 
of  the  ores  in  manganese,  iron,  silica,  and  phosphorus. 
Where  the  ores  have  an  additional  value  for  oxidizing 
purposes,  such  as  the  manufacture  of  chlorine,  etc.,  the 
amount  of  peroxide  ot  manganese  is  also  given. 

The  measurements  of  elevation  given  in  the  report  were 
made,  unless  otherwise  stated,  with  an  aneroid  barometer. 

The   want   of  adequate  library  facilities    has   made   it 
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impossible  to  give  with  this  volume  a  complete  bibliography 
of  manganese,  but  with  the  exception  of  half  a  dozen  of  the 
less  important  ones  all  the  title?  known  to  the  author  are 
given  in  the  foot  notes. 

Aside  from  the  aid  acknowledged  in  the  body  of  the  re- 
port and  in  the  preceding  part  of  this  preface,  the  work  repre- 
sented by  this  volume,  from  the  collection  of  data  in  the  field 
to  the  reading  of  proof,  has  all  been  done  by  Dr.  Penrose  in 
person.  His  unwearying  industry  and  zeal,  his  enthusiastic 
absorption  in  and  devotion  to  the  work  cannot  be  too  highly 
praised,  while  his  intelligent  grasp  of  the  subject  and  his 
clear  treatment  of  it  cannot  fail  of  appreciation  by  geologists 
and  by  all  who  are  interested  in  manganese. 

It  is  hoped  that  professional  readers  will  bear  in  mind, 
however,  that  the  writer  of  a  state  geological  report  must 
often  sacrifice  brevity  and  conciseness  for  the  sake  of 
making  his  meaning  plain  to  the  unprofessional.  On  the 
other  hand  the  unprofessional  reader  should  remember  that 
it  is  impossible  to  dispense  entirely  with  technicalities  in 
discussing  a  technical  subject. 

The  Survey  is  indebted  to  so  many  persons  for  kind  aid 
in  this  work  that  it  is  impossible  to  mention  them  all.  In 
the  manganese  region  of  this  state  the  Survey  has  met  with 
uniform  cordiality  and  kindness.  Especial  acknowledge- 
ments are  due  Dr.  J.  E.  Wolft'  of  Harvard  University  for 
microscopic  examinations  ot  rocks,  and  to  Dr.  S.  L.  Pen- 
field  of  Yale  University  for  assistance  on  the  mineralogy  of 
certain  of  the  manganese  minerals;  Mr.  James  E.  Mills  of 
San  Francisco  has  given  the  Survey  the  benefit  of  very 
valuable  suggestions  and  observations;  Mr.  E.  Gilpin,  Jr., 
Commissioner  of  Mines  for  Nova  Scotia,  has  kindly 
furnished  valuable  statistics  and  other  information  regarding 
the  deposits  of  that  province;  Major  A.  Markham  of  Mark - 
hamville,  N.  B.,  and  Major  W.  K.  Armistead  of  Abingdon, 
Va.,  aided  very  materially  by  their  cordial  assistance  and 
information  regarding  their  respective  regions. 

The  studies  made  by  the  Survey  lead  to  the  conclusion 
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that  the  Bouthwesteru  manganese  areas  of  Arkansas^  namely, 
Polk,  Montgomery^  and  Pulaski  counties,  formerly  supposed 
to  be  rich  in  manganese,  contain  no  deposits  of  value.  This 
is  not  gratifying,  but  it  is  conclusive,  and  must  be  so  ac- 
cepted. It  is  very  gratifying,  however,  to  know  that  these 
eame  studies  show  that  the  Batesville  region  is  one  of  the 
most  important  manganese  tields  known  in  North  America. 

JOHN  C.  BRANNER, 

State  Geologist. 
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MANGANESE 


ITS  USES,  ORES,  AND  DEPOSITS. 


By  B.  A.  F,  Penrose,  Jb.^  Assistant  Geologist* 


CHAPTER  I. 
NATURE  AND  EARLY  USES  OF  MANGANESE. 

Nature  of  manganese. — Manganese  is  a  metal  and  represents 
one  of  the  elementary  substances  composing  the  earth's  crust. 
It  belongs  to  what  is  known  as  the  iron  group,  which  comprises 
iron,  manganese,  cobalt,  and  nickel.  These  metals  form  com- 
pounds which,  in  their  chemical  relations,  have  certain  points  of 
similarity  to  each  other,  and  they  are  therefore  classed  togetner. 
They  are  frequently  associated  with  each  other  in  nature;  and, 
in  fact,  one  of  the  most  common  modes  of  occurrence  of  man- 
ganese ore  is  with  iron  ore  deposits. 

Manganeaein  the  mineral  kingdom. — Manganese  is  never  found 
in  the  metallic  state  in  nature,  but  is  always  in  combination 
with  one  or  more  of  the  other  elementary  substances,  and  gen- 
erally occurs  as  oxide,  silicate,  or  carbonate.  In  these  forms,  it 
is  one  of  the  most  widely  distributed  of  the  metals  in  the  mineral 
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kingdom,  and  is  almost  coextensive  with  iron,  though  in  very 
much  smaller  quantities.  It  is  an  essential  constituent  of  many 
minerals,  and  is  found  in  greater  or  less  quantities  in  almost  all 
metamorphic,  eruptive,  and  sedimentary  rocks.  It  also  repre^ 
seuts  one  of  the  twenty-two  or  more  elementary  substances 
found  in  meteorites.  The  oxides  are  the  niost  common  manganese 
minerals,  but  the  simple  silicate  and  carbonate,  known  respectively 
as  rhodonite  and  rodochrosite,  are  also  of  frequent  occurrence ; 
while  garnet,  pyroxene,  and  amphibole,  as  well  as  many  other 
minerals,  frequently  contain  manganese.  Rhodonite  is  often  cut 
for  jewels  on  account  of  its  beautiful  pink  color,  and  the  purple 
oi  the  amethyst  is  supposed  to  be  due  to  the  presence  of  mangan- 
ese. Only  a  few  of  the  minerals  containing  manganese,  however, 
are  available  as  ores  of  the  metal,  and  those  which  can  be  used 
are  only  rarely  found  in  sufficient  quantities  and  of  such  quality 
as  to  be  of  commercial  value. 

Manganese  in  the  animal  and  vegetable  kingdoms. — Though 
manganese  in  large  quantities  is  confined  to  the  mineral  king- 
xlom,  it  is  widely  distributed  in  minute  quantities  in  both  the 
animal  and  vegetable  kingdoms.  It  is  said  to  form  an  essential 
constituent  of  the  tissues  and  of  the  red  corpuscles  of  the  blood 
in  the  human  body,  being  present  in  the  proportion  of  one  part 
of  manganese  to  twenty  parts  of  iron.  In  the  vegetable  kingdom 
it  enters  into  the  composition  of  many  plants :  E.  N.  Horsford''^ 
has  found  manganese  in  the  ash  of  some  varieties  of  tea,  coffee, 
potato,  and  squash ;  and  E.  Maumenef  describes  its  existence  in 
tobacco,  potatoes,  beets,  carrots,  grapes,  apricots,  wheat,  rye, 
rice,  and  many  other  vegetables,  fruits,  and  cereals.  It  is  by 
means  of  such  materials  that  manganese  enters  into  the  animal 
kingdom  ;  and,  in  fact,  the  general  distribution  of  manganese  in 
animal  and  vegetable  organisms,  though  in  small  quantities,  is 
directly  traceable  to  its  persistent  presence  in  soils,  where  it  has 
been  derived  from  the  decay  of  rocks.  It  is  absorbed  from  the 
«oil  by  plants,  and  transmitted  thence  to  animal  blood  and  tissue. 

Manganese   represents    one    of  the    mineral    constituents 

«  Amer.  Joar.  Sol.,  2d.  series,  Vol.  XI.,  1851,  p.  259. 

t  Cemptes  reodus  de  I'Acad.  dessci.,  U  XCVIII.,  18S4,  pp.  1416-1419.    For  the  ezistenoe 
<A  manganese  in  wines  see  E.  Maomea6,   Ibid.,  pp.  845-846  and  1056-1058. 
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t>f  many  trees,  being  found  in  the  ash  of  certain  forms  of  the  oak 
i^Quercus  robur)^  the  chestnut  (Ccutanea  ve8oa)f2ind  the  floating 
plant  known  as  Trapa  naiansj^     It  also  occurs  in  several  species 
-of  the  genus  C7incAona,t  the  source  of  the  commercial  quinine. 

Ancient  and  medieval  uses  and  names  of  wkinganese. — The 
application  of  manganese  in  the  arts  is  of  great  antiquity,  and 
dates  back  at  least  as  far  as  the  times  of  the  ancient  Egyptians. 
One  of  iis  first  uses  was  in  glass-makings  and  analyses  of  Egyp- 
tian and  Roman  glassware  have  shown  the  presence  of  over  two 
per  cent  of  the  protoxide  of  manganese,^  equal  to  over  one  and 
a  half  per  cent  of  metallic  manganese. 

Pliny,  in  his  treatise  on  natural  history,  mentions  the  use  of 
manganese  oxide  among  the  Romans  in  decolorizing  glass.  He 
considered  it  a  variety  of  magnetic  iron  ore,  or  lodestone,  which 
he  speaks  of  as  magnes.  During  the  middle  ages  it  was  known  as 
magnefsia^  and  was  later  referred  to  as  magnesia  nigra^  in  distinction 
from  the  true  magnesia,  or  magnesia  alba.  The  name  manganese 
is  of  somewhat  obscure  origin.  It  is  supposed  by  some  to  have 
been  derived  from  the  expression  magnesia  nigra^  by  metathesis. 
It  appears  in  such  expressions  as  lapis  manganensis  in  the  Latin 
literature  of  the  16th  century,||  and  still  later  as  manganesium^ 
but  as  late  as  the  18th  century  it  was  frequently  mentioned  as 
magnesia  nigra.  These  names  all  referred  to  the  oxide  of  man- 
ganese, since  the  metal  was  not  known  until  the  latter  part  of 
the  last  century.   . 

Growth  of  knowledge  concerning  manganese. — Though  the 
oxide  of  manganese  and  its  more  apparent  properties  were  known, 
to  the  ancients,  and  to  the  priests  and  chemists  of  the  middle  ages, 
yet  the  old  idea  of  Pliny,  that  it  was  a  form  of  iron  ore,  was 
still  generally  retained  until  late  in  the  last  century.  Glauber 
carried  on  experiments  with  the  compounds  of  manganese  about 
the  middle  of  the  17th  century,  and  in  his  work  known  as  The 
Prosperity  of  Germany,  published  in  1656,  he  describes  his 
investigations. 

^Ony's  BoUnieftI  Text  Book,  Vol.  II.,  Geo.  L.  Goodale,  PhysiologlcAl  Botany,  p.  256. 
t  E.  Mauinen6,  Comptes  randus  de  I'Acad.  dea  sci.,  t.  XOIII.,  1884,  p.  1417. 
X  R.  A.  Hadfield,  Proceed.  Civil  Engioeen,  XCIII.,  1888,  III.,  p.  59. 
I  Boeeoeand  Seborlemmer,  Treatise  on  ChemiBtrj,  Vol.  II.,  Ft.  II.,  p.  2. 
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In  1740,  Potts*  showed  that  oxide  of  maDganese  formed 
a  series  of  salts  distinct  from  those  of  iron,  but  the  existence  of  a 
separate  metal  was  not  understood,  and  even  as  late  as  1758- 
Cronstedtf  speaks  of  it  as  a  ^'kind  of  earth^'  with  *'no  greater 
quantity  of  metal  than  sometimes  two  or  three  per  cent  of  iron, 
and  sometimes  a  little  tin.'' 

Scheele's  celebrated  experiments,]:  published  in  1774,  mark 
the  first  systematic  attempt  to  investigate  manganese  and  its- 
compounds,  and  to  his  labors  are  due  the  first  detailed  knowledge 
of  the  subject.  He  suspected  the  existence  of  a  metal  in  the- 
magnesia  nigra,  but  was  unable  to  isolate  it.  This  was  accom- 
plished shortly  afterwards  (1776),  for  the  first  time,  by  Dr.  Gtihn;: 
though  Kaim  of  Vienna  is  quoted  as  stating,  in  1770,  that  a 
^^peculiar  metal'^  could  be  extracted  from  oxide  of  manganese. 

Hence  it  will  be  seen  that,  though  certain  uses  of  oxide  of 
manganese  have  been  known  from  ancient  times,  our  knowledge 
of  the  nature  of  the  metal  itself  is  of  modern  date,  and  on  this 
knowledge  are  based  the  most  important  of  its  present  applications- 
in  the  arts.  Its  principal  commercial  use  up  to  the  end  of  the- 
last  century,  seems  to  have  been  in  decolorizing  glass,  as  well  as 
in  coloring  both  it  and  pottery,  as  explained  in  chapter  III.. 
Considerable  quantities,  obtained  from  the  Mendip-Hills,  near 
Bath  in  England,  are  said  to  have  been  used  in  the  last  cen- 
tury by  the  Bristol  potters,  among  whom  it  was  known  as 
^'glassmaker's  manganese,''  ^^glassmaker's  soap,"  or  "black 
glass."  It  was  not  until  1785,  however,  after  Berthollet  had 
suggested  the  economic  application  of  chlorine  in  the  arts,  and 
works  for  its  manufacture  had  been  started  at  Javelle,  in  France,, 
that  an  extensive  field  for  the  application  of  manganese  arose. 
Manganese  ore  was  a  necessary  reagent  in  the  manufacture  of 
chlorine  and  the  demand  for  it  soon  rapidly  increased.  In  1786- 
chlorine  works  were  started  in  England  by  James  Watt,  and  in 


*  Ezamen    Chymicum   magnesia  vitrariommf  Germanis  Brauiuteio.     (Rosooe  and. 
Schorlemmer.) 

t  Alex.  Frederic  Cronstedt,  An  Easay  towards  a  System  of  Mineralogy,  translated  fronk 
the  Swedish  by  Gustav  von  Engstrom  in  1788,  p.  849. 

X  Stockholm  Memoirs,  1774,  (Handlingar  Kongl.  Sranska  yetenskapi  Akademien  (?)  ) 
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1799  Charles  Tennant  erected  the  celebrated  St.  RoUox  works 
^t  Glasgow. 

With  the  introduction  of  manganese  in  the  manufacture  of 
-steel  by  Heathy  in  1839,  and  the  subsequent  immense  increase  in 
the  production  of  steel  by  the  invention  of  the  Bessemer  process 
less  than  twenty  years  later,  another  great  use  for  manganese 
was  founds  and  at  the  present  day  this  use  has  become  such  an 
important  factor  in  the  metallurgy  of  steel,  that  it  probably 
-consumes  over  nine-tenths  of  the  manganese  production  of  the 
world.  The  demand  for  manganese  in  the  manufacture  of 
-chlorine  has'decreased  considerably  since  the  introduction  of  the 
Weldon  regenerative  process,  which  makes  it  possible  to  use 
the  same  ore  over  again  indefinitely. 

Besides  these  two  main  uses  of  manganese,  numerous  other 
minor  sources  of  consumption  have  arisen  (see  chapter  II.)  and 
-even  yet  the  ancient  Egyptian  and  Roman  practice  of  using  it 
in  glass  consumes  certain  quantities. 


CHAPTER  11. 
MODERN    USES    OF    MANGANESE. 

CLASSIFICATION  OF    THE     USES    OF     MANGANESE. 

Manganese  is  used  at  the  present  day  for  a  great  many 
different  purposes  in  the  arts ;  but,  as  already  stated,  probably 
over  nine-tenths  of  the  manganese  ore  produced  is  consumed  ia 
the  manufacture  of  the  alloys  of  iron  and  manganese,  known  as. 
spiegeleisen  and  ferro-manganese,  which  in  turn,  are  used  in  the 
manufacture  of  steel.  If  the  class  of  manganiferous  iron  orea 
were  included  as  manganese  ores,  the  proportion  consumed  for 
these  purposes  would  be  vastly  greater.  Smaller  quantities  of 
manganese  are  used  in  manganese-bronze,  silver-bronze,  and 
other  alloys.  Next  to  its  application  in  alloys,  its  most  import- 
ant use,  when  in  the  form  of  pyrolusite  (peroxide  of  manganese), 
is  as  an  oxidizer  in  the  manufacture  of  chlorine*  No  chlorine^ 
however,  is  made  in  the  United  States,  all  that  is  used  in  this 
country  being  imported.  Smaller  quantities  of  manganese  are 
also  consumed  for  many  other  industrial  purposes. 

The  various  uses  to  which  manganese  and  its  compounds  are 
put,  may  be  divided  into  three  classes :  alloys,  oxidizers,  and 
coloring  materials.  Each  of  these  classes  includes  the  applica- 
tion of  manganese  in  sundry  manufactured  products,  or  as  a 
reagent  in  carrying  on  different  metallurgical  and  chemical  pro-^ 
cesses.  The  most  important  of  these  sources  of  consumption  may- 
be summarized  as  iollows : 


MODERN  USES  OF  MANGANESE. 


U8€8  of  manganese.* 


ALLOYS. 


Spiegeleisen » r  Alloys  of  mangan- 

Ferro-mangaDMe^ .., ( ene  and  iroo. 

(  Alloys  of  mangsDMe 

MaDganese-broDM ^ >^and  copper  with  or 

( withovt  iron. 


TAn   alloy  of   man- 

h 


ganeae,  aluminum^ 

Silrer-broDze .^ ■(  zinc,   and    uopper, 

I  with      a      certalD 
t  quantity  of  stlicon. 

Alloys  of  manganese  with  alamioram,  Kincitin, 
lead,  magDMiam,  etc. 

Manafactare  of  chlorioe. 

Manafacture  of  bromine. 

As  a  decolorixer  of  glass  (also  for  coloring  glass,  see 
coloring  materials;. 

OXIDIZERS \  As  a  dryer  in  Tarnishes  and  paints. 

Leclanch£'s  battery. 

Preparation  of  oxygen  oo  a  small  scale. 

Slanafacture  of  disinfectants  (manganatea  and  per- 
manganates). 

f  Calioo-printiog  and  dyeing. 

COLORING  J  Coloring  glass,  pottery,  and  brick. 

MATERIALa^ 

Pal- i?[oTt: 


^  Besides  theee  main  uses  of  manganese  a  certain  amount  is  consumed  as  a  flux  in  smelt- 
ing siWer  ores,  a  purpose  to  which  iron  ore  is  also  extensirely  applied.  Many  silver  ores,  es  • 
pecially  in  the  western  states,  oontnin  manganese  minerals  as  a  part  of  their  gaogue  material,  and 
the  Talueotthe  manganese  in  fluxing  is  rated  at  the  same  price  as  iron.  As  manganese  ore,  under 
most  circumstances,  is  a  much  more  Taluable  material  than  iron  ore,  it  is  consumed  as  a  flux 
only  when  it  is  of  such  low  grade  or  so  far  from  market  that  it  cannot  be  used  for  other 
purposes,  or  when  it  is  in  such  intimate  association  with  the  silver  ore  that  it  cannot  be  con- 
sumed otherwise  without  sacrificing  the  more  valuable  metal.  In  other  words,  manganese  in 
association  with  silver  ores,  is  a  valuable  ingredient  in  smelting,  but,  except  under  special 
circumstances,  it  does  not  pay  to  mine  a  good  manganese  ore  for  silver  smelting  purposes. 
Undf  r  peculiar  conditions,  such  as  the  proximity  of  a  smelter  to  manganese  ore  and  the  scarcity 
of  a  suitable  iron  ore,  the  manganese  has  been  used.  The  use  of  manganese  as  a  flux,  therefore, 
may  be  considered  rather  an  accidental  application  than  an  imperative  source  of  consump- 
tion. 

Manganese  in  the  form  of  the  mineral  rhbdonite,  which  is  often  of  a  beautiful  pink 
color,  is  cut  for  jewelry  and  other  ornamental  purposes.  Manganese  in  the  form  of  its  various, 
■alts  is  also  employed  for  other  lesser  chemical,  manufacturing,  and  medical  purposes,  as. 
further  mentioned  in  the  next  chapter. 
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In  alloys,  manganese  is  used  in  its  metallic  state,  combined 
with  other  metals.  Its  value  in  Jihis  form  depends  on  its  con- 
tents of  metallic  manganese^  and,  in  some  of  the  alloys,  on  its 
<K)mparative  freedom  from  phosphorus^  silica,  and  other 
injurious  ingredients. 

In  the  various  uses  of  manganese  for  oxidizing  processes, 
the  manganese  itself  serves  simply  as  a  carrier  for  oxygen.  For 
such  purposes  it  is  generally  used  in  the  form  of  the  raw  ore  known 
as  pyrolusite  (peroxide  of  manganese) ;  though,  in  some  cases, 
lespecially  in  disinfectants,  it  is  used  in  manufactured  forms,  as 
manganates  and  permanganates.  In  all  cases,  however,  whether 
the  manganese  is  in  the  form  of  its  ere  or  of  an  artificial  com- 
pound, its  use  for  oxidizing  purposes  depends  on  the  readiness 
with  which  it  combines  with  oxygen  in  nature,  or  in  the  labora- 
tory, and  the  ease  with  which,  by  simple  means,  it  can  be  made 
to  give  up  a  part  of  it  for  manufacturing  purposes.  The  oxygen 
thus  obtained  is  known  as  *the  '^available  oxygen,'^  as  dis- 
tinguished from  the  oxygen  that  cannot  be  taken  from  the  ore  or 
other  compound  in  the  ordinary  processes  of  manufacture.  As 
the  amount  of  available  oxygen  in  an  ore  depends  on  the  amount 
of  peroxide  of  manganese  present,  the  market  value  of  the  ore  is 
expressed  in  terms  of  peroxide.  For  use  in  glass-making,  freedom 
from  iron  is  a  necessary  condition  of  the  manganese  ore  employed. 

In  the  different  applications  of  manganese  for  coloring 
materials,  the  manganese  is  used,  not  in  the  metallic  form  as  in 
alloys,  but  as  various  compounds  of  the  metal.* 

THE  ACTION  OF  MANGANESE  IN  ALLOYS  WITH   OTHER  METALS. 

Nature  of  metallic  manganese, — Perfectly  pure  metallic  man- 
ganese is  exceedingly  difficult  to  obtain,  as  it  is  usually  mixed 
with  more  or  less  carbon  taken  up  from  the  fuel  used  in  its  re- 
duction, and  even  when  it  is  pure  it  is  such  an  unstable  material 
that  it  has  not  yet  been  put  to  any  practical  use.  When  pure,  it 
is  of  a  gray  color,  or  of  a  grayish-red  like  bismuth,  and  is  not 
unlike  cast-iron  in  general  appearance.  It  is  exceedingly  hard, 
that  prepared  by  Brunner  cutting  glass  and  hardened  steel.     It 

^  The  Tarious  usm  of  manganese  will  be  deeoribed  in  thii  and  the  following  chapters* 
in  the  order  of  the  above  table. 
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^as  a  specific  gravity  variously  estimated  at  from  7.13  to  aboat 
-S,  which  is  close  to  that  of  iron  (7.84).  It  melts  at  a  white  heat. 
Though  very  hard  when  first  made^  this  metal  rapidly  crumbles 
to  powder  on  exposure  and  passes  into  the  oxide  form.  In  fact  so 
great  is  this  tendency,  that  it  has  to  be  kept  in  some  protecting 
oil  or  a  closely  sealed  vessel  to  maintain  it  in  its  solid  state.  It 
decomposes  water  when  brought  in  contact  with  it,  taking  up  the 
oxygen  and  setting  free  the  hydrogen.  The  pure  metal  was  first 
isolated  by  Qtihu  in  1776,  and  was  known  in  Germany  as  Braun- 
stein-konigy  or  Braunstein  metal.  It  was  later  prepared  in  various 
ways  by  John,^  Deville,t  Brunner^  and  other  chemists.  It  is 
only  in  an  alloyed  state,  however,  that  it  has  proved  of  service 
in  the  arts. 

Manganese  mixes  with  iron  and  other  metals  readily  in  all 
proportions,  and  it  has  been  found  that  a  very  small  amount  of 
iron  will  add  stability  to  the  product,  counteracting  the  tendency 
of  the  manganese  to  oxidize  and  crumble.  Manganese  and  iron 
alloys  containing  even  over  80  per  cent  of  the  former  ingredient 
are  comparatively  stable,  but  when  the  manganese  is  increased 
much  over  90  per  cent  the  product  is  liable  to  crumble.  In 
many  of  the  manganese  alloys,  not  only  those  with  iron,  but  also 
with  other  metals,  the  most  noticeable  effect  of  the  manganese  is 
the  hardness  that  it  gives  to  the  resulting  product,  while  other 
properties,  such  as  ductility,  elasticity,  tensile  strength,  etc., 
depend  more  or  less  on  the  amount  of  manganese  present  and  on 
the  accompanying  impurities.  The  hardness,  however,  is  con- 
stant, and  its  influence  on  iron  is  well  shown  in  Hadfield's  man- 
ganese steel,  which  is  harder  than  any  known  form  of  steel  and 
'is  scarcely  affected  by  the  ordinary  machining  tools.  (See 
pages  25-27.)  The  white  color  given  by  manganese  is  a  feature 
of  many  of  the  alloys  of  that  metal  and  is  described  later  in  this 
chapter  in  the  case  of  manganese-bronze  and  Cowles'  silver-bronze. 

SPIEGELEISEN   AND   FEBRO-MANGANESE. 

Spiegeleisen  and  ferro- manganese  are  alloys   of  iron    and 
vianganese  in   different  proportions.     An  alloy  with    less  than 

*  Ocblen'a  Jour.  Ohem.  Phys.,  III.,  p.  452. 
t  Ann.  Ohim.  Phys.,  (8),  XLVI.,  p.  182. 
X  F^'  Ann.,  OL,  p.  264. 
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twenty  per  cent  of  manganese  is  called  spiegeleisen,  and  with^ 
from  twenty  per  cent  upwards  it  is  called  ferro-manganese.  Alk 
degrees  of  admixture  are  made^  from  a  spiegeleisen  containing- 
only  1  or  2  per  cent  of  mangaAese  up  to  a  high  grade  ferro- 
manganese  containing  from  85  to  90  per  cent  or  even  more.  Both 
are  white  or  light  gray  in  color  and  have  a  bright  metallic  lustre.^ 
Spiegeleisen  has  a  brilliantly  glittering  crystalline  structure,  and 
hence  its  name,  meaning  '^  mirror-iron. '' 

A  spiegeleisen  containing  about  4  per  cent  of  manganese- 
often   has  a   fibrous  or  columnar   structure,  and  is  known  in 
Germany  as  weisastrahl  and  in  Prance  as  fonte-rubanie.^     When 
the  alloy  contains  25  per  cent  or  more  of  manganese,  it  assumes, 
a  compact,  granular  structure ;  with  upwards  of  50  per  cent  it 
often  has  an  acicular  crystalline  structure. 

All  the  alloys  of.  manganese  and  iron  contain  considerable 
quantities  of  carbon,  and  analyses  of  certain  grades  of  spiegel- 
eisen sometimes  show  from  6  to  7  per  cent.  They  are  low  ii^ 
silicon,  often  containing  less  than  0.06  per  cent  of  that  ingredi- 
ent. In  other  impurities  they  vary  according  to  the  nature  of 
the  ores  used  in  their  manufacture. 

Spiegeleisen  is  more  easily  and  more  cheaply  made  than 
ferro-manganese,  but  its  use  is  sometimes  accompanied  by  diffi- 
culties which  are  overcome  by  the  latter:  it  is  often 
found  that  when  enough  spiegeleisen  is  added  to  the  steel  to 
supply  the  requisite  amount  of  manganese,  an  injurious  excess  of 
carbon  is  imparted  because  of  the  amount  of  that  ingredient  in 
the  spiegeleisen.  Hence  it  becomes  necessary  to  have  a  material 
richer  than  spiegeleisen  in  manganese,  so  that  enough  of  the 
latter  can  be  obtained  in  the  steel  without  having  to  add  toa 
much  carbon.  This  need  is  supplied  by  ferro-manganese,  a 
material  in  which  the  manganese  may  be  almost  indefinitely 
increased.  The  increase,  however,  reaches  a  limit  beyond 
which  it  is  not  advisable  to  go,  since,  as  already  stated,  whea 
the  alloy  contains  over  90  per  cent  of  metallic  manganese  it  is. 
apt  to  crumble. 

The  presence  of  manganese  in  iron  has  a  marked  effect  Idk 

<■  Phillips  and  Bauerman,  Elementa  of  Metallurgy,  1887,  p.  255. 
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giving  noD-magnetic  qualities  to  the  alloy.  According  to  R.  A. 
Hadfield*  this  was  observed  as  early  as  1778  by  Rinman,  and 
later  David  Mushetf  observed* the  same  fact  in  bis  experiments 
with  iron  and  manganese  admixtures.  The  non-magnetic  qual* 
ity  increases  with  an  increase  of  manganese,  and  Mr.  Hadfield,.. 
in  his  experiments  with  manganese-steel,  has  found  that  an  ap- 
proximate  idea  of  the  amount  of  manganese  present  can  be 
obtained  by  testing  the  specimen  with  a  magnet. 

Methods  of  manufacturing  apiegeleisen  and  ferro-manganeae. — 
Spiegeleisen  was  formerly  made  by  using  a  manganiferous  iron  ore 
in  a  blast-furnace,  or  by  inserting  small  quantities  of  manganese 
ore  in  the  iron  ore  charge.  When  the  amount  of  manganese 
became  large,  however,  great  difficulties  were  experienced  od 
account  of  the  high  temperatures  required  to  smelt  the  metal  and 
the  loss  due  to  the  combination  of  the  manganese  with  the  slag^ 
The  more  manganese  contained  in  the  charge  the  higher  the 
temperature  that  is  required,  and  a  white  heat  is  needed  ta 
reduce  oxide  of  manganese  alone.  Consequently,  in  the  early 
manufacture  of  ferro-manganese,  the  metal  was  reduced  either  iD 
graphite  crucibles  as  in  Prieger's  method  in  Germany,  or  in  a 
Siemens'  furnace  as  in  the  Henderson  method-in  England,  which 
was  later  improved  by  the  Terre  Noire  Company  of  France^ 
These  processes  were  expensive,  the  loss  was  considerable,  and 
the  product  limited.  More  modern  appliances,  however,  and 
greater  experience  in  the  use  of  minganese  ores  have  con- 
siderably facilitated  the  reduction  of  the  metal,  and  now  ferro- 
manganese  is  readily  made  in  any  properly  arranged  blast- 
furnace, with  a  high  temperature  and  a  strong  hot  blast.  Coke 
is  the  best  fuel,  as  it  admits  of  a  sharper  blast  and  gives  a  stronger 
heat,  but  charcoal  can  be  used,  and  Wm.  P.  Blake  describes  the 
manufacture  of  ferro- manganese  with  that  fuel  from  a  highly 
siliceous  ore  at  Reschitza,  X  in  Hungary.  The  other  desirable 
features  in  the  process  besides  those  mentioned  are :  a  highly  basic 
slag,  secured  by  large  charges  of  lime;  an  abundance  ot  fuel;^ 
and  sufficient  time.     The  basic  character  of  the  slag  causes  the 

*  Jroo  and  Steel  Institute,  1888,  II.,  p.  55. 

t  Darid  Muthet,  Papers  on  Iron  and  2>te(:1, 1840,  p.  775. 

t  Trana.  Amer.  lost.  Mng,  Eng.,  Vol.  IV.,  1875-6,  p.  217. 
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€aving  of  a  considerable  part  of  the  manganese^  which  with  a 
less  basic^  or  an  acid  slag,  would  combine  with  the  latter  and  be 
lost.  If  the  slag  is  too  basic^  howeVer,  other  difficulties  are  met; 
and  even  with  all  precautions,  a  loss  of  from  4  to  sometimes  over 
15  per  cent  of  manganese,  the  quantity  varying  according  to  the 
amount  of  the  metal  in  the  product  to  be  obtained,  is  often  sus- 
tained in  smelting  the  ores. 

HISTORY  OF  THE   USE   OF   MANGANESE   IN   STEEL. 

Introduced  by  Heath  in  1839. — The  introduction  of  mangan- 
ese in  improving  the  quality  of  iron  and  steel  took  place  in  Eng- 
land in  1839,  as  the  result  of  the  researches  of  Josiah  Marshall 
Heath.  Previous  to  this,  the  value  of  manganese  for  such 
purposes  had  been  recognized  by  some  metallurgists,  and  even 
as  early  as  1799  Wm.  Reynolds*  took  out  patents  for  its  use. 
Between  this  date  and  1837  three  other  patents  were  taken  out 
in  England  for  similar  purposes,  but  all  these  failed  to  attract 
any  attention.  This  was  probably  due,  in  some  cases,  to  the 
imperfect  methods  proposed  for  its  use,  but  it  seems  likely  that 
the  principal  cause  was  that  the  inventors  had  not  yet  proved  the 
advisability  of  employing  manganese  on  a  commercial  scale.  In 
1830  Mushetf  actually  made,  experimentally,  a  low  ferro-man- 
ganese  containing  about  30  per  cent  of  manganese,  bnt  his  work 
at  that  time  failed  to  make  any  change  in  the  manufacture  of 
«teel.  To  Heath,  therefore,  is  due  the  credit  of  having  first  in- 
troduced into  general  use  the  employment  of  manganese  in  the 
metallurgy  of  iron  and  steel,  a  use  which  has  since  grown  to  such 
importance  that  it  is  now  well-nigh  indispensable.  The  cause  of 
the  adoption  of  his  methods  was  probably  due  to  the  fact  that  he 
<K)nducted  his  experiments  on  a  large  scale  and  therefore,  as  soon 
as  his  invention  was  published,  he  had  abundant  evidence  to 
prove  its  applicability  on  a  commercial  basis. 

Caiwe,  nature^  and  reavM  of  Heath's  invention. — The  im- 
mediate causes  which  led  to  Heath's  discoveries  were  his 

^  J.  S.  Jeans,  Steel :  its  History,  Manufacture  and  Uses,  London,  1880,  p.  79. 
t  David  Mushet,  Papers  on  Iron  and  Steel,  London,  1840. 
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endeavors  to  use,  in  the  manufacture  of  steel,  the  low  grade 
Wootz  iron  ore  of  Porto  Nuevo,  in  the  Madras  district.  He 
not  only  succeeded  in  this,  but  also  completely  revolutionized 
the  steel  industry  of  England.  His  original  object  was  to 
improve  both  malleable  iron  and  cast  steel.  In  the  first  case 
he  mixed  with  the  cast  or  plate-iron,  while  fused  in  the 
puddling  furnace,  from  1  to  5  per  cent  of  pure  oxide  of  man- 
ganese, the  sesquioxide  being  preferred.  In  the  second  case 
he  mixed  in  the  crucible,  with  the  materials  to  be  converted 
to  steely  from  1  to  3  per  cent  of  what  he  called  carburet  of 
manganese.  The  latter  consisted  of  a  manganese  pig  cor- 
responding to  white  iron  pig,  and  was  composed  of  metallic 
manganese  with  a  small  percentage  of  carbon.  It  was  made 
by  smelting  an  intimate  mixture  of  oxide  of  manganese  and 
coal-tar.  Previously  the  carburet  of  manganese  had  been 
simply  a  chemical  curiosity,  produced  only  in  small  quantities, 
and  with  considerable  difficulty ;  but  by  Heath's  process  it 
was  obtainable  in  large  amounts.  By  the  addition  of  this 
material,  it  was  found  that  the  low  grade  steel  made  from 
the  Wootz  ore  could  be  converted  into  an  excellent  product^ 
easily  malleable  and  weldable. 

In  1839  Heath  took  out  patents  for  his  process,  and 
made  preparations  for  the  introduction  of  his  carburet  of 
manganese  among  the  steel  makers  of  Sheffield.  Further 
investigations  proved  to  him  that  the  same  result  as  that 
brought  about  by  the  use  of  the  carburet,  could  be  obtained 
by  simply  inserting  into  the  crucible  the  unsmelted  mixture 
of  oxide  of  manganese  and  tar,  and  that  he  could  thus  save 
the  additional  expense  of  converting  the  manganese  into  & 
carburet.  He  therefore  moulded  the  manganese  and  tar 
into  bricks,  dried  them  by  heating  in  a  closed  vessel,  and 
used  them  in  their  raw  state.  In  this  form  he  soon  found  an 
extensive  demand  for  his  manganese  compound  among  the 
steel  manufacturers,  who,  after  the  first  trial,  realized  the 
great  advantage  derived  from  it.  Heretofore  the  best  quality 
of  steel  in  England  had  been  made  of  high  grade  and  ex- 
pensive bar-iron  from  Sweden  and  Russia,  but  by  the  em- 
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ployment  of  Heath's  process  it  was  possible  to  make  au 
equally  good  product  from  a  comparatively  low  grade  iron 
of  English  manufacture.* 

Unfortunately  for  Heath,  however,  he  had  not  taken 
out  patents  to  cover  the  use  of  his  mixture  in  the  raw  state, 
and  this  fact  was  taken  advantage  of  by  his  agent  and  others 
to  defraud  him  of  the  royalty  on  his  invention.  Years  of 
litigation  followed,  and  the  case  was  tried  many  times  over, 
passing  through  a  series  of  vicissitudes  of  favorable  and 
unfavorable  decisions.  Heath  died  during  the  proceedings 
in  1853  and  the  litigation  was  continued  by  his  widow  until 
1855,  when  it  was  finally  decided  against  her,  thus  ending 
one  of  the  most  celebrated  suits  in  the  history  of  English 
patents. 

Though  Heath  was  thus  deprived  of  the  well  deserved 
fruits  of  his  labors,  his  discoveries  mark  an  epoch  in  the 
history  of  steel.  Jeans,  referring  to  the  results  of  his  inven- 
tion, says,t  ^^  David  Mushet  has  calculated  that  Heath's 
invention,  causing,  as  it  did,  an  immediate  reduction  of  80/ 
to  40/  in  the  price  of  good  steel,  resulted  in  an  aggregate 
saving  up  to  1855  of  not  less  than  2,000,000/  sterling,  while 
it  also  rendered  England  comparatively  independent  of  the 
Swedish  and  Russian  iron  previously  imported  in  such  large 
•^luantities. " 

According  to  Percy,  the  secret  of  the  success  of  Heath's 
mixture  was  the  intimate  association  of  the   carbonaceous 
material,  in   the  form  of  tar,  with    the    manganese    Ore. 
The  tar    thoroughly  impregnated   the  ore  and  when   the 
•oompound  was   smelted,  either  alone    or    with  the   steel, 
the  metal  was  easily   reduced ;  whereas,  with   a  less  inti- 
mate mixture,  a  rapid  corrosion  of  the  smelting  pots  would 
4iave  ensued,   and  it  would  have  been  mucb  more  difficult 
to  obtain  the  manganese  in  the  metallic  state.     To  this  fact  Percy 
also   ascribes   the   failure   of   previous  attempts    to   introduce 
manganese  into  the   manufacture  of  steel.     The   experience  of 

^  John  Percy,  MeUllnrgj :    Iron  and  Steel,  Londoo,  1864. 
t  steel :.  its  History,  Manufacture  and  Uses,  1880,  p.  80. 
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lialf  a  centary,  however^  since  Heath's  first  experiments  has 
thrown  more  light  on 'the  subject  of  handling  manganese  ores^ 
"and  what  was  then  a  new  and  difficult  problem  has  since  become 
a  much  less  complicated  one. 

Increased  vse  of  numganese  with  the  introduction  of  the  JBes- 

-9emer  process. — The  Bessemer  process  for  making  steel  was  fi:rst 

publicly  announced  by  Henry  Bessemer  in  1856,  but  was  not 

perfected  until  1858.     The  principles  of  the  patent  were  at  that 

time  ridiculed  by  the  steel  makers  of  England,  and  Bessemer, 

■ 

-despairing  of  inducing  them  to  adopt  his  methods,  erected  steel 
works  in  Sheffield  for  the  employment  of  the  new  process.  He 
subsequently  realized  large  profits,  and  reduced  the  price  of 
steel  far  below  the  quotations  of  other  manufacturers,  ^  thus 
compelling  them  to  take  out  licenses  to  use  the  same  process. 
The  manufacture  of  steel  was  immensely  increased  by  the 
introduction  of  this  new  method,  and  the  demand  for  manganese 
became  correspondingly  large. 

Robert  MusheVs  patent. — In  1 856,  shortly  after  the  Bessemer 
process  had  been  made  known,  Robert  Mushet  f  took  out  patents 
in  England  for  the  improvement  of  steel  by  the  introduction  of 
-a  ''triple  compound ''  of  iron,  manganese,  and  carbon.  This 
process  was  perfected  in  subsequent  patents  by  the  same  in- 
"ventor.  It  was  claimed  by  others,  however,  that  the  patents 
were  illegal,  as  similar  compounds  were  already  in  general  use 
throughout  the  kingdom,  and,  though  the  case  did  not  come  to 
trial,  the  exclusive  rights  of  the  patentee  were  not  maintained. 

Mushet's  patent,  however,  was  of  the  greatest  importance  to 
the  successful  working  of  the  Bessemer  process,  as  it  overcame 
one  of  the  main  difficulties  met  in  the  early  use  of  that  method 
of  steel  making :  it  was  found  soon  after  the  Bessemer  process 
had  been  started,  that  a  too  extensive  oxidation  took  place  in 
the  converter  and  that  the  whole  of  the  carbon  was  burned  off,  the 
metal  being  completely  reduced  to  wrought  iron  instead  of  steel. 
^o  remedy  this,  a  certain  amount  of  Mushet's  compound,  which 

represented  the  elements  of  spiegeleisen,  was  added  in  a  molten 

— — — — • % 

^  Jeftnt,  Stael :  its  History,  Msnufacture  and  Uses,  1880,  p.  67 . 
flbid.,  p.  80. 
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state  to  the  converter  after  all  the  carbon  had  been   burned  o£r 
from  the  metal  within  it.     In  this  way  thB  amount  of  carbon  re- 
quired for  steel  was  restored  by  that  in  the  spiegeleisen ;  or  in- 
other  words,  the  metal  was  recarburized. 

The  spiegeleisen  played  other  valuable  parts  in  Bessemer 
steely  in  reducing  small  quantities  of  oxide  of  iron  formed  during 
the  process,  in  counteracting  to  a  certain  degree  the  bad  effects, 
of  sulphur  and  phosphorus,  and  in  other  ways,  as  will  be  more^ 
fully  explained  later  in  this  chapter.  These  effects,  however^ 
were  directly  dependent  on  the  manganese  in  the  spiegeleisen^ 
and,  though  they  were  recognized,  the  exact  part  which  the- 
manganese  played  was  not  thoroughly  understood  ;  in  fact,  even 
yet  the  details  of  the  various  actions  of  manganese  in  steel  are^ 
in  many  respects,  much,  disputed  questions. 

From  Mushet's  time  dates  the  really  extensive  use  of  spie- 
geleisen, and  later  experiments  have  been  largely  in  the  line  of 
making  that  material  more  cheaply  and  of  better  quality,  and 
in  bringing  it  up  in  its  contents  of  manganese  to  a  high  grade^ 
ferro-manganese. 

Manufacture  of  ferro-manganese  by  W.  Henderson. — After 
Bessemer  had  proved  the  practicability  of  his  steel  process  on  a 
commercial  scale,  he  soon  saw  the  necessity  of  having  a  material 
high  in  manganese  to  supply  that  metal  to  the  steel.  The  com- 
mon spiegeleisen  at  that  time  contained  only  from  5  to  10  per 
cent  of  manganese,  and  sometimes  as  much  as  6  or  7  per  cent  or 
more  of  carbon.  It  was  made  mostly  in  Germany,  and  the  steel 
works  in  other  countries  obtained  their  supply  from  there.  In 
using  this  material  as  a  source  of  manganese  it  was  found  that,  in 
order  to  get  enough  of  the  metal  into  the  steel,  such  a  large^ 
quantity  of  spiegeleisen  had  to  be  added  that  more  than  the 
desired  amount  of  carbon  was  introduced.  In  making  certain 
kinds  of  steel  this  had  to  be  avoided,  and  therefore  it  became 
desirable  to  have  something  richer  than  spiegeleisen  in 
manganese,  so  that  enough  of  this  metal  could  be 
added  without  adding  an  excess  of  carbon ;  in  other  words,  a 
ferro'tnanganese  was  needed.     Accordingly,  at  the  instigation  of 
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Bessemer^  experimeots  to  this  effect  were  uadertakeu  by  W. 
Heodersoo,  of  the  8t,  Rillox  Chemical  Works,  Glasgow,  who  at 
first  used  the  waste  mangioese  from  his  chemical  maoufactures 
as  a  source  of  the  desired  material.  Here,  agaio,  we  have  an 
iustauce  of  the  remarkable  foresight  aud  ability  of  Bessemer  in  all 
matters  pertaiuiug  to  the  manufacture  of  steel. 

After  a  series  of  experiments,  in  which  the  great  heat  nec- 
essary and  the  corrosive  action  of  the  manganese  were  among 
the  main  difficulties,  success  was  attained,  and  in  1865  the  Hen- 
derson process  was  producing  a  ferro- manganese  containing 
25  to  30  per  cent  of  metallic  manganese.  About  the  same  time, 
according  to  Jeans,  it  was  announced  that  a  ferro-mangane^e^ 
containing  75  per  cent  of  metallic  manganese,  was  being  made 
by  the  M.  Oscar  Prieger  process  in  Cologne. 

Manufacture  of  ferro-manganeae  at  Terre  Noire^  France  — 
Afler  Henderson  had  proved  the  possibilities  of  his  method,  it 
was  adopted  by  the  Terre  Noire  Company,  of  France.  This 
company  perfected  the  process  and  raised  the  percentage  of  man- 
ganese to  75  per  cent,  besides  reducing  the  price  50  per  cent. 

MANUFACTURE  OF    SPIEGELEISEN   AND     FERRO-MANQANESE   IN 

THE   UNITED   STATES. 

New  Jersey  Zinc  Company^  1870. — The  manufacture  of  spie- 
geleisen  in  the  United  States  was  first  commenced  by  the  New 
Jersey  Zinc  Company,  at  Newark,  N.  J.,  in  1870.  They  used  as 
a  source  of  manganese,  the  residuum  of  the  zinc  ores  after  the  ex* 
traction  of  the  zinc.  This  residuum,  known  as  '^  clinkers,  "  con- 
tained iron  and  manganese;  aud  spiegeleisen  was  made  contain- 
ing over  11  percent  of  manganese  aud  over  83  per  cent  of  iron. 
Spiegeleisen  often  containing  more  than  this  amount  of  man- 
ganese is  still  made  from  the  same  material.     (See  chapter  V.) 

Willard  P.  Ward,  1874. — The  first  ferro- manganese,  how- 
ever, that  was  manufactured  in  the  United  States  was  made  by 
Willard  P.  Ward,  in  1874,  at  the  Diamond  Furnace,  on  Stump 
Creek,  near  Cartersville,  Georgia.  It  was  made  of  Georgia  ores 
and  contained  over  55  per  cent  of  metallic  manganese.  *     Later, 

^  Ferro-manganese :    Its  Uses  sDd  the  Facilitiee  for  its  Manufscture  in  the  Uni'ed 
SUlM,  WUUrd  P.  Ward,  1876,  p.  7. 
3  Qcologioal,  Vol.  i.,  1890. 
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the  proportion  of  manganese  was  raised  to  over  67  [ler  cent.  * 
Mr.  Ward's  work  is  said  to  have  represented  the  first  successfal 
manufacture  of  ferro- manganese  in  a  blast-furnace. 

Cambria  Iron  Company ;  Bethlehem  Iron  Company  ;  1875. — 
In  1875  the  manufacture  of  spiegeleisen  was  started  by  the  Cam- 
bria Iron  Company,  in  Johnstown,  Pennsylvania ;  and  by  the 
Bethlehem  Iron  Company,  in  Bethlehem,  Pennsylvania. 
Spanish  ores  were  used  at  both  places. 

Woodstock  Iron  Company;  1875. — In  the  same  year  of  1875 
the  manganiferous  iron  ores  of  Alabama  were  used  in  the  manufac- 
ture of  spiegeleisen  at  the  Woodstock  Iron  Company's  works  at 
Anniston,  in  that  state.  According  to  W.  P.  Blake,  f  the 
spiegeleisen  contained  from  8  to  20  per  cent  of  manganese  and 
from  73  to  85  per  cent  of  iron.  It  was  made  from  a  mixture  of 
manganiferous  iron  ores  containing  over  20  per  cent  of  man- 
ganese and  ores  containing  something  over  8  per  cent. 

Carnegie  Brothers  and  Company. — Somewhat  later,  the  man- 
ufacture of  spiegeleisen  was  begun  at  the  works  of  Carnegie 
Brothers  and  Company,  Bessemer,  Pennsylvania;  and  in  1883 
the  manufacture  of  ferro- manganese  was  introduced  at  the  same 
place.  The  ferro-manganese  now  made  there  supplies  not  only 
their  own  consumption,  but  also  that  of  certain  other  steel  works. 
The  variety  for  which  there  is  most  demand  and  which  is  made 
in  largest  quantities  by  Carnegie  Brothers  and  Company,  con- 
tains from  79  to  81  or  82  per  cent  of  manganese.  Some  is  made 
for  special  purposes  containing  83  per  cent  and  more  of  man- 
ganese, and,  at  times,  a  ferro-manganese  containing  over  90  per 
cent  of  manganese  has  been  produced. 

Colorado  Coal  and  Iron  Company, — In  1883  spiegeleisen 
was  successfully  made  in  Pueblo,  Colorado,  aud  at  the  present 
time  it  is  produced  at  the  works  of  the  Colorado  Coal  and  Iron 
Company  at  that  place.  The  raw  material  is  largely  a  mangan- 
iferous iron  ore  gangue  from  the  silver  veins  of  Leadville  and 
elsewhere  in  the  state,  analyzing  9  to  sometimes  51  per  cent  of 
manganese  and  6  to  48  per  cent  of  iron.      The  spiegeleisen 

*  WilUrd  P.  Ward,  Trmot.  Amer.  Inst.  Mng.  Eng.,  1876-7,  Vol.  Y.,  p.  612. 
tTram.  Amer.  Inst.  Mng.  Eng.,  iV.,  1875-6,  p.  21f. 
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analyzes  from  20  to  25  per  cent  of  mangane^^e,  4.8  to  5  per  cent 
of  carbon,  0.91  to  1.0  per  cent  of  silica,  0.095  to  0.11  of  phos- 
phorus, and  0.14  to  0.16  per  cent  of  sulpbar,  Ferro-manganese 
is  also  now  made  containing  forty  per  cent  of  mangane-e.  * 

THE   USE   AND   EFFECT   OF   M4NQANESB   IN   STEEL. 

General  statement, — The  application  of  manganese  in  steel, 
as  already  shown,  has  been  a  common  practice  ever  since  the 
pablioation  of  Heath's  patents  for  its  use  in  1839,  but  the  exact 
part  that  it  plays  in  the  metallurgy  of  steel  has  long  been  a 
matter  of  discussion,  and,  in  many  respects,  is  still  a  very  much 
^lisputed  question. 

The  use  of  spiegeleisen  as  a  recarburizer  in  steel,  to  replace 
the  carbon  that  has  been  burned  ofF  during  its  manufacture,  de- 
pends on  the  existence  of  carbon  in  the  spiegeleisen  and  has 
been  mentioned  ou  page  16.  The  manganese  itself  in  the 
spiegeleisen,  however,  also  plays  very  important  parts«  The 
fact  is  well  known  that  its  most  valuable  effect  is  in  reducing 
the  small  quantities  of  oxide  of  iron  formed  in  the  steel  during 
the  6nal  melting.  The  manganese  thus  used  leaves  the  steel  and 
goes  into  the  slag;  but  it  has  been  found  that  by  allowing  a 
•certain  quantity  of  it  to  remain,  other  valuable  results  are  ob- 
tained in  counteracting  phosphorus,  removing  and  counteracting 
sulphur,  and  in  other  ways.  Even  in  late  years,  however,  the 
•quantity  that  should  be  left  in  steel  has  been  greatly  disputed^ 
and  not  twenty  years  ago  many  prominent  authorities  thought 
that  more  than  0.75  per  cent  greatly  injured  the  tensile  strength, 
ductility  and  other  properties  of  steel,  while  still  others  denied 
the  advisibility  of  even  this  amount.  Now,  steel  rails,  though 
they  still  often  contain  less  than  0.5  per  cent  of  manganese, 
are  frequently  made  with  over  1.5  per  cent  and,  in  some  cases, 
over  2  per  cent.  Recently,  the  experiments  by  R,  A.  Hadfield, 
on  manganese  steel,  show  that  a  metal  containing  manganese 
from  the   proportions  commonly  used  up  to  over  21   per  cent, 

„ ^  

^The  aurrey  is  iodebtod  to  ihe  klDdneia  of  Mr.  I.  QroTO,  Superintendent  of  the  Colo- 
nde  Coal  and  Iron  Compan  j  for  the  anal  jaea  of  the  orea  uaed  and  of  the  api<^eleiaen  and  fer- 
jro>mangiaieie  produced  at  hia  worka.  The  former  are  giren  under  the  heading  of  Rock j 
Moontain  maoganeee  orea  and  the  latter  in  the  liat  of  analyses  of  spiegeleisen. 
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possesses  remarkable  properties;  and  that  the  mixture  ooDtaiDing- 
14  per  cent  of  manganese  and  not  over   1  per  cent  of  carbon^ 
especially,   shows   a   wonderful    combination    of  hardness  and 
toughness.     Though  these  high-manganese  steels  are  not  at  pres<> 
ent  used  on  account  of  mechanical  reasons,  yet  the  value  of  steel 
with  from  0.5  to  over  1.5  per  cent  for  certain   purposes  is  now 
very  generally  recognized.     The  present  state  of  our  knowledge 
concerning  the  effeqts  of  manganese  have  been  carefully  sum- 
marized  by  Professor  Henry  M.  Howe,  in  his  late  work,  the^ 
Metallurgy  of  Steel. 

JE feci  of  manganese  on  oxide  of  iron, — As  just  stated,  the 
most  important  action  of  manganese  is  the  reduction  of  the  oxide- 
of  iron  in  the  steel.  During  the  final  melting  in  the  Bessemer 
process,  the  steel  absorbs  from  the  blast  a  certain  amount  of 
oxygen,  from  1  to  2  per  cent  and  sometimes  more,  which  eom-^ 
bines  to  form  oxide  of  iron.  The  presence  of  this  compound  ren- 
ders the  steel  difficult  to  forge,  or,  as  it  is  commonly  expressed,, 
**red-short.''  This  defect  is  counteracted  by  the  addition  of  small 
quantities  of  manganese  in  the  molten  steel.  The  manganese 
has  a  greater  affinity  for  oxygen  than  iron  has,  and  the  actio i>^ 
which  goes  on  is  the  absorption  by  the  manganese  of  the  oxygea 
in  the  oxide  of  iron,  forming  oxide  of  manganese.  The  latter 
combines  with  the  slag  to  form  a  proto-silicate  and  is  thus  sepa- 
rated from  the  steel.  The  oxide  of  iron  in  the  steel  is  supposed 
by  some  to  be  in  the  ferroso-ferric  form  (FejO^),  which  is  the 
form  of  iron  in  magnetic  ore.  Others  believe  it  to  be  in  the 
ferrous  form  (FeO).  Howe  inclines  to  the  latter  supposition 
and  suggests  that  some  of  each  may  be  formed,  or,  that  a  more 
(general  distribution  of  the  oxygen  throughout  the  iron  may  take 
place;  and  that  '^part  or  all  the  oxygen  may,  like  hydrogen  and 
carbon,  be  united  with  the  whole  of  the  metal.''  * 

If  the  manganese  applied  played  no  other  part  than  to  com- 
bine with  the  oxides  of  iron,  the  question  as  to  which  formula 
is  correct  would  be  more  easy  of  solutiun,  but,  as  pointed  out  by 
Howe,  some  of  it  seems  to  combine  directly  with  the  slag,  with- 

^I^^W^— ^»^»^1^^«^^^  111  I  ■  ■.■■■■!■■■  I  ■  —       ..  ,     ,  I  ■■■■■■■  ■ 

*  MeUllufgy  of  Steel.    New  York,  1890. 
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-out  the  iaterveatioa  of  oxide  of  iroa,  aaJ  possibly  a  part  of  it  is 
voIatiliz?d.  Also,  various  combiuatioQS  of  maagaDese  with  the 
imp^ritie:^  ia  the  steel  are  supposed  to  go  od,  aod  these,  as  well, 
may  iofluence  the  siza  of  the  charge  of  msmganese  necessary  to 
have  the  desired  effect  oa  the  oxide  of  iron.  The  determination 
t)f  this  question  is  a  most  important  one^  as  it  is  directly  connected 
"with  the  amount  of  manganese  necessary, 

Bisides  the  oxygen  thus  combined  with  the  steel  there  is 
also  a  certain  amount  of  it  in  the  small  particles  of  slag  mechan- 
ically enclosed  in  the  metal.  The  oxygen  itself  in  this  form  is 
less  injurious  than  in  its  other  form,  but  the  removal  of  the  slag 
particles  is  a  very  desirable  object  and  is  largely  eflfected  by  the 
•minganese.  In  this  case  Howe  thinks  that  the  manganese  com- 
bines with  the  silicate  of  iron  composing  the  particles  of  slag  and 
forms  a  double  silicate  of  iron  and  manganese,  which  coalesces 
much  more  readily  from  its  finely  disseminated  condition  and, 
rising  to  the  surface  of  the  mitil,  mixes  with  the  main  body  of 
the  slag  above.  "This,"  says  Howe,  "does  not  mean  a  greater 
fusibility,  but  the  manganese  makes  a  silicate  which  is  either 
lighter  or,  more  probably,  which  coalesces  easier." 

Effect  of  manganese  on  sulphur. — Minganese  counteracts,  to 
a  greater  or  less  degree,  the  quality  of  hot-shortness  produced 
•by  the  presence  of  sulphur,  phosphorus,  copper  and   other  im- 
purities.    Howe*  shows  that  manganese  acts  on  sulphur  both  by 
removing  it  bodily  from  the  cast  iron,  and   probably  also   from 
the  steel,  as  well  as  partly  neutralizing  the  effects  of  what  re- 
mains.    Percy ,t  as  early  as  1864,  quotes  Mr,  Perry  of  the  Ebbw 
Vale  Iron  Works,  as  stating  that  whenever  there  is  much    man- 
ganese in  the  slag  there  is  also  a  considerable  proportion  of  sul- 
phur associated  with  it,  pointing,  as   has   b33n   since   proved,  to 
the  removil  of  the   latter  from   the   molte  n   metal.     Percy  also 
thinks  that  this  association  of  manganese  and  sulphur  may  help 
to  explain  the  orig^in  of  the  mineral  helvite,  which  consists   of 
manganese,  iron,  glucinum  and  sulphur. 

Effect  of  manganeae  oa  phosphorus  and  on  carbon. — Accord- 

•  Metallurgy  of  steel.     New  Vorlc,  1890. 

t  Metallar^y  :    Iron  and  Steel.    London,  1861 
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iDg  to  Howe,  though  maaqanese  counteracts  the  hot-shortness^ 
caused  by  phosphorus,  it  does  not  counteract  the  cold-shortness 
produced  by  that  impurity.  He  thinks  the  first  result  is  accom- 
plished by  rendering  the  meial  more  fluid  and  plastic  whei^ 
molten, and  thus  counteracting  the  tendency  toward  crystallization 
in  the  steel  caused  by  phosphorus,  rather  than  by  forming  a 
phosphide  of  iron,  or  other  chemical  compounds. 

Manganese  is  said  to  increase  the  power  of  carbon  to  com- 
bine with  iron  at  very  high  temperatures  and  to  restrain  it^ 
separation  as  graphite  at  lower  ones,  thus  acting  in  an  opposite 
direction  to  silicon,  which  tends  to  cause  carbon  to  separate. 

Effect  of  manganese  on  the  physical  properties  of  steel, — Ac- 
cording to  A.  L.  Holly*  manganese  in  proportions  of  0.75  to  1 
per  cent  in  steel  gives  hardness,  toughness,  malleability  and 
elasticity;  and  that  its  hardening  influencef  up  to  0.20  to  0  30 
per  cent  is  slight. 

The  influence  of  manganese  on  the  ductility  of  steel  has 
been  a  much  disputed  point,  and  is  often  supposed  to  decrease  it; 
but  Howet  shows  that  the  effect  depends  on  the  amount  of 
manganese  present  and  that,  '^  While  1.5  to  2.5  per  cent  of  man- 
ganese is  nearly  universally  admitted  to  cause  brittleness,  steel 
with  8  per  cent  of  manganese  is  astonishingly  ductile;  with 
farther  increase  of  the  manganese  the  ductility  again  diminishes. 
Steel  with  8  to  10  per  cent  of  manganese,  though  exceedingly 
tough,  is  so  hard  as  to  be  employed  without  quenching  for  cut* 
ting  tools.'' 

Though  manganese  is  apt  to  raise  the  melting  point  of  steel,, 
it  often  adds  fluidity  when  the  metal  is  molten,  and  this  fact 
sometimes  plays  a  beneficial  part  in  the  manufacture  of  steel 
castings.  P.  G.  Salom  ||  states  that  low-carbon  steel,  to  which  ia 
added  about  0.3  per  cent  silicon,  is  very  pasty  and  it  is  only  in 
the  largest  castings  that  it  can  be  poured  without  chilling.. 
Manganese  corrects  this  trouble  to  a  great  extent,  though  some- 

« Tests  of  Steel,  Trans.  Amer.  Inst.  Mng.  Eng.,  II.,  1873-4,  p.  117. 

t  Tnns.  Amer.  Inti.  Mng.  Eng.,  VI.,  1887-^,  p.  110. 

X  Metallurgy  of  Steel.  New  York,  1890,  p.  42. 

I  The  Maoufactare  of  Steel  Castings,  Tnns.  Amer.  Inst.  Mng.  Eng.,  XIV.,  1885-6,  p.  128l 
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what  at  the  expeu^je  of  softness  and  ductility.  The  castings  are 
less  liable  to  crack  in  the  moulds,  however^  since  the  metal  is 
much  less  red-short. 

The  influence  of  manganese  on  slug  is  very  marked,  giving 
it  a  erreen  color  and  considerable  flaiditv.  Percy*  has  observed 
a  pink  color  in  certain  slags  which  he  also  ascribes  to  manganese. 
Manganese  also  gives  the  slag  such  a  strong  corrosive  power  that 
its  influence  on  the  linings  of  furnaces  is  often  very  considerable. 

Amount  of  manganese  added  to  steel. — It  has  been  shown  that 
manganese  is  a  most  important  agent  in  the  modern  manufacture 
of  steel,  not  only  removing  from  it  bodily  certain  impuritips,  but 
also  counteracting  many  of  those  that  remain.  The  manganese 
used  to  remove  the  oxygen,  which  is  its  most  important  object, 
leaves  the  iron  and  goes  into  the  slag  after  it  has  accomplished 
its  purpose.  Therefore,  if  only  just  enough  manganese  were  add^ 
ed  to  re£ich  this  end,  the  steel,  as  finally  cast,  would  contain  none 
of  that  metal;  consequently  it  is  found  advisable  to  add  more 
than  enough  to  reduce  the  iron  oxide  and  to  have  a  certain 
amount,  varying  according  to  the  kind  of  steel  wanted,  in  the 
final  product.  This  is  especially  necessary  where  there  is  any 
considerable  amount  of  sulphur  or  phosphorus  present,  in  ord^r 
to  counteract  the  deleterious  effects  of  those  impurities.  The 
amount  that  is  necessary,  however,  is  very  uncertain.  Mangan- 
ese is  added  in  the  form  of  spiegeleisen  or  ferro-manganese  and 
from  one  to  five  per  cent  of  these  materials  is  used.  The  quan- 
tity varies  according  to  their  metallic  contents,  and  according  to 
the  amount  of  manganese  it  is  desired  to  leave  in  the  steel  after 
that  which  has  combined  with  the  oxygen  has  gone  into  the  slag, 

Dudley^ s  formula. — Dr.  Charles  B.*  Dudley  in  his  article  on 
the  Wearing  Capacity  of  Steel  Rails  in  Relation  to  their  Chemical 
Composition  and  Physical  Properties,  f  gives  the  following  two 
formulas  for  percentages  of  carbon,  phosphorus,  silica  and  man- 
ganese in  good  steel  rails.  The  first  he  considers  the  best,  but 
admits  the  seond  as  necessiry  since  the  first  is  lower  in  phos- 
phorus  than  manufacturers   of   rails   in  this   country  can  work. 


*  Metallurgy  :    Iron  and  steel,  p.  506. 
t  Trans.  Amer.  Inst.  Mur.  Kng.,  IX.,  1880-81.  p.  356. 
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FIRST. 

Carbon 0.334 

Phosphorus 0.077 

Silicou  ...  0.060 

Manganese 0.491 

8E(X>ND. 

Cirbon,  between  0.25  per  cent  and  0.35   per 

cent  with  aim  at 0.30 

Phosphorus,  not  above 0.10 

Silicon,  not  above 0.04 

Manganese,  between  0.30  and  0.40  with    aim 

at 0.35 

Dudley's  paper  created  a  great  deal  of  discussion  and 
brought  out  the  results  that  hid  been  obtained  by  many  others 
in  similar  investigations. 

WeadeV 8  formula. — Dr.  August  Wendel  *  in  the  same  year 
presented  the  following  formula  for  good  rolling  steel: 

MnrO.8  (C4-J8i)+.4P. 

the  figures  stand  for  percentages  and  the  letters  for  manganese, 
carbon,  silica,  and  phosphorus  respectively.  Howe  quotes  this 
formula  in  his  Metallurgy  of  Steel,  and  while  acknowledging  its 
applicability  in  WendePs  practice,  says  that  it  cannot  be  used  in 
all  cases. 

Hence,  it  will  be  seen  that  while  it  is  now  universally  ac- 
knowledged that  manganese  gives  certain  valuable  properties  to 
steel,  yet  the  quantities  to  be  used  under  diflferent  conditions  are 
still  greatly  in  dispute-  Ifit  were  a  question  simply  of  the  effect 
of  minganese  on  the  steel  itself,  it  might  be  much  more  easily 
solved,  but  it  also  involves  the  action  of  manganese  on  carbon, 
silicon,  phosphorus,  sulphur,  and  probably  oth^r  ingrelients,  as 
well  as  the  action  of  these  ingredients  when  thus  effected,  on  the 
steel  and  on  each  other.  Thus  there  is  a  labyrinth  of  compli- 
cations which  will  require  the  highest  art  of  the  metallurgists 
to  solve. 

*  Trans.  Amer.  Inst.  Mng.  Eog.,  IX.,  1880-81,  p.  664. 


MODERN  USES  OF  MANGANESE.  25 

hadfibld's  manganese  steelI 

Properties  of  Hadfield'a  manganese  tfiteeL — It  has  already 
t>eeQ  shown  that  the  use  of  small  quantities  of  manganese  in  steel 
has  become  a  universal  practice,  but  the  amount  of  it  is  very 
small  compared  with  the  mass  of  the  steel  and  usually  ranges 
from  less  than  0.5  to  2  per  cent.  Lateiy^  however,  R.  A.  Hadfield, 
of  the  Hadfield  Steel  Foundry  Company,  Sheffield,  England,  * 
has  made  and  described  a  steel  with  a  larger  proportion  of  man- 
ganese, sometimes  containing  over  20  per  cent  of  that  metal. 
The  most  remarkable  feature  of  this  steel  is  its  excessive  hard- 
ness, which  is  so  great  that  the  ordinary  machining  tools  have 
little  effect  on  it.  If,  however,  suitable  tools  can  be  made  for 
handling  it,  this  quality,  which  is  now  one  of  the  great  draw- 
backs to  its  use,  will  doubtless  make  it  a  most  valuable  material 
for  many  purposes. 

The  strength  and  toughness  of  the  steel  vary  considerably 
according  to  the  amount  of  manganese  used,  and  also  according  to 
the  per  cent  of  carbon  present.  The  different  mixtures  are  de- 
scribed by  Hadfield  as  follows:  ^'That  containing  from  2^  to  6 
per  cent  is  extremely  brittle  in  its  cast  state;  then  a  return  in 
strength  gradually  takes  place,  and,  with  about  9  to  10  per  cent, 
a  cast  bar,  2i  inches  square,  can  be  bent  considerably  out  of  the 
straight  without  breaking.  This  continues  up  to  about  14  or  15 
percent  when  a  decrease  occurs  in  actual  t)ughnes8,  though  not 
in  transverse  strength,  and  after  about  20  per  cent  is  passed,  a 
rapid  decrease  again  takes  place.  It  should  be  stated  that  these 
remarks  apply  especially  to  the  material  in  its  cast  state.  *  *  * 
The  peculiar  gain  in  strength  noticed  by  an  increasing  addition  of 
manganese  is  still  more  closely  shown  with  the  material  in  its 
forged  state,  *  *  *  the  maximum  strength  being  obtained  with 
the  14  per  cent  material.  Possibly,  if  ferro-manganese  was  made 
with  less  carbon,  or  if  pure  metallic  manganese  could  be  obtained, 
the  maximum  of  strengh  might  occur  with  even  higher  mmgan- 
«se;  but  now,  as  the  higher  percentages  are  approached — say  over 
16  per  cent — the  experiments  become  more  complicated   owing 

*  Joar.  of  Iron  and  sfteel  Inst.,  1888.,  II. 
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to  the  presence  of  1 J  to  2  per  cent  of  carbon,  which    must  neces- 
sarly  interfere  with  the  action  of  the  manganese.'^  * 

In  addition  to  these  qualities,  the  metal  is  not  so  liable  to 
honeycomb  as  ordinary  steel  and  the  addition  of  silica  is  un- 
necessary; it  cools  more  rapidly;  it  is  very  fluid;  it  has  a  strong 
electrical  resistance  and  low  magnetic  characteristics. 

Uses  of  Jffadfield'a  manganese  steel. — This  material  has 
not  yet  been  put  to  any  considerable  commercial  use  on 
account  of  the  difficulty  of  handling  it,  but  its  valuable 
properties,  and  especially,  as  Howe  suggests,  its  "  marvelous 
combination  of  ductility  with  certain  kinds  of  hardness,"  should 
make  it  valuable;  and  it  seems  probable  that  means  will  be 
found  to  treat  a  material  which  can  be  devoted  to  so  many  useful 
purposes.  Tests  of  it  for  car  wheels  have  been  made  and  have 
proved  highly  satisfactory.  It  has  also  been  proposed  for  certain 
kinds  of  tools  and  various  other  uses  in  which  a  combination  of 
hardness  and  toughness  is  necessary.  Hadfield,  f  in  speaking  ot 
its  adaptability  for  car  wheels,  says :  ^'  On  the  Nottingham 
Tramways  a  set  ran  over  30,000  miles  under  severe  conditions, 
the  gradients  averaging  as  much  as  I  in  18  for  about  one  half  the 
route  of  the  daily  journey.  In  this  case  a  peculiar  point  was 
noticed,  viz.,  that,  whereas  the  cast-iron  wheels  are  liable  to  slip 
when  going  down  an  incline,  the  chilled  break-blocks  bite  much 
more  effectively  on  manganese  wheels,  enabling  the  car  to  be 
stopped  sooner.  The  Chester  Tramways  Co.  have  had  a 
set  running  for  over  two  years,  which  up  till  now  have  run 
over  45,000  miles,  and  are  not  yet  worn  out.  Wheels  of  this 
description  can  be  tested  with  more  than  one  hundred  blows 
with  a  heavy  sledge  hammer  without  fracture  occurring,  and  at 
the  same  time  the  type  is  so  hard  that  a  chisel  will  not  touch  it. 
A  set  put  to  work  in  America  has  already  run  200,000  miles, 
under  heavy  engines  of  the  consolidation  type,  on  the  New  York 
and  New  England  Railroad.  The  life  of  the  ordinary  chilled 
iron  wheel  does  not  average  more  than  60,000  miles. " 

This  si  eel   has  also    been  proposed  for  resistance   coils  in 

<•  Loc..  cit.,  p.  42. 

t  Jour,  of  the  Iron  and  Steel  iDst.,  II.,  1888,  pp.  51-52. 
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electric  work  oq  account  of  its  high  electric  resistance,  which 
has  been  found  by  Professor  Barrett,  of  Dublin^  to  be  about  eight 
times  that  of  ordinary  steel  and  iron,  and  thirty  times  that  of 
copper.  Its  use  as  the  base  of  dynamo  machines  has  also  been 
suggested  on  account  of  its  highly  non-magnetic  properties. 

Materials  for  making  HadfieltTa  manganese  steel. — Man- 
ganese steel  is  made  best,  according  to  Mr.  Hadfield,  from 
decarbonized  iron  or  mild  steel,  to  which  ferro*'manganese  in  a 
molten  state  is  added.  It  is  necessary  to  keep  the  carbon  low^ 
and  in  the  steel  containing  14  per  cent  of  manganese^  the  carbon 
should  not  amount  to  over  1  per  cent.  This  has  proved  one  of 
the  main  difficulties  in  making  high  manganese  steely  as  even  the 
best  ferro-manganese  contains  considerable  carbon.  To  avoid  it 
as  much  as  possible,  however,  a  ferro-manganese  rich  in  metallic 
manganese,  at  least  80  to  84  per  cent,  should  be  used,  thereby 
getting  in  the  largest  possible  amount  of  manganese  to  the  least 
carbon.  About  0.50  per  cent  of  manganese  is  lost  in  the  process^ 
and  this  must  be  allowed  for  in  making  the  charge  for  the  alloy* 
The  mixture  of  the  iron  and  manganese  can  be  best  made  in  a 
ladle,  as  the  latter  metal  is  apt  to  attack  a  crucible. 

PRODUCTION     OF     SPIEGBLEISSN    AND    FBRRO-MANaANBSB    IN     THE 

UNITED   STATES. 

As  already  stated,  the  New  Jersey  Zinc  and  Iron  Company 
were  the  first  to  produce  spiegeleisen  in  the  United  States. 
They  begnn  in  1870  and  their  output  in  1872,  1873,  and  1874 
was :  * 

Production  of  spiegeleisen  in  the   United  States,  1872-1874. 

1872 4,072  tons. 

1873 3,930    " 

1874 4,070    *' 

The  manufacture  was  taken  up  by  other  companies  in  1874 
and  1875,  and  the  production  of  the  United  States  since  1875  as 
given  by  Mr.  James  M.  Swank,  Secretary  of  the  American  Iron 
and  Steel  Association,  in  his  Statistical  Report  of  May  1st,  1890,, 
has  been  as  follows : 


*J.  S.  Jeans, SUel :    lis  History,  Manufacture  and  Uses. 


• 
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Production  of  spiegeleiaen  and  ferro-manganese  in  the    United 

States,  1875-1889. 


YEABS. 


KKT  TONS. 


I 


YEARS. 


jNKT  TOKS. 


1875 

1876 
1877 
1878 
1879 
1880 
1881 
1882 


7,832 
6,616 
8.845 
10,674 
18,931 
19,603 
21,086 
21,968 


1883 
1884 
1885 
1886 
1887 
1888 
1889 


Total. 


24,574 
33,893 
34,671 
47,982 
47.598 
54,769 
85,823 

439.860 


It  will  be  seea  that  the  production  has  steadily  increased 
since  1872,  the  years  1873  and  1887  alone  having  fallen  a  few 
tons  each  behind  the  year  before^  and  that  the  produc- 
tion of  1889  shows  an  increase  over  1888  greater  than  the 
increase  in  any  one  year  previous.  The  supply  of  .domestic  ores 
is  not  sufficient  for  the  demand  in  the  manufacture  of  spiegeleisen 
and  ferro- manganese,  and  considerable  quantities  of  foreign  ores 
are  used.     (See  chapter  IV.). 

The  production  for  the  census  year  of  June  30,  1889,  to 
June  30,  1S90,  was  149,959  tons.  This  is  almost  one  and  three- 
quarter  times  the  production  of  the  calendar  year  of  1889,  and 
^hows  a  much  greater  increase  than  any  previous  year  since  the 
manufacture  of  spiegeleisen  and  ferro-minganese  was  begun  in 
the  United  States. 

IMPORTS   OF   SPIEGELEISEN   AND    FERRO-MANGANESE   INTO   THE 

UNITED   STATES, 

The  Survey  is  indebted  to  the  kindness  of  Mr.  James  M. 
Swank,  Secretary  of  the  American  Iron  and  Steel  Association, 
for  the  records  of  the  imports  for  the  following  years: 

Jmporta  of  spiegeleisen  and  ferro-manganese  into  the  United  States, 

1887-1889. 

Gross  tons. 

1887 157,279 

1888 71,605 

1889 99,481 

It  will  be  seen  that  the  imports  are  much  larger  up  to  1889 
^ban  the  domestic  manufiactures,  though  the  relative  difference 
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has  become  very  much  less  than  in  former  years,  and  possibly 
the  production  of  the  census  year  may  reverse  the  standings 
The  excess  of  importation  over  domestic  production  in  late  years 
has  undoubtedly  been  largely  due  to  the  same  cause  as  prompted 
the  importation  of  foreign  manganese  ores,  that  \b,  the  limited 
quantity  of  such  ores  produced  in  this  country. 

At  the  time  the  New  Jersey  Zinc  Company  first  manufac- 
tured spiegeleisen  twenty  years  ago,  the  consumption  in  the 
United  States  was  entirely  supplied  from  Europe  and  amounted' 
to  a  maximum  yearly  importation  of  about  twenty-five  thousand 
tons.  Prof.  Wm.  P.  Blake,*  speaking  in  1876,  states  that, 
the  importations  were  mostly  from  Germany  and  amounted  then, 
to  from  twenty  to  thirty  thousand  tons  yearly,  while  that  of  do- 
mestic manufacture  amcrunted  to  seven  thousand  tons  per  annum.. 

ANALYSES  OF  SPIEGELEISEN   AND   FEBRO-MANGANESE. 

Analyses  of  spiegeleisen  made  by  the  New  Jersey  Zinc  Company. f 


Manganese... 

Iron 

SI  Uoon ...... .. 

Phosphorus.. 
Garbon 


100.10 


*  Amer.  Inst.  Mng.  Eng.,  IV.,  1875-6,  p.  218. 

t  J.  S.  Jeans,  Steel:  Its  History,  Manufacture  and  Usee,  1880. 
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Analyses  of  ferro-manganese  manufactured  by  Willard  P.    Ward 

ai  the  Diamond  Furnace^  Georgia.^ 


IL 


MMiganese. 


SillOOD. 


Phosphoras. 


Carbon. 


Slag. 


65.22 
0.QS1 

0.471 
1.86 
26.58 


65.99 
1.671 
0.890 


No.  I.  was  the  first  ferro-inangaDese  made  at  the  Diamond 
Farnaoe.     Analyzed  by  Otto  Wuth,  of  Pittjjburg. 

No.  II.  was  a  sample  of  ten  tons  shipped  to  the  Vulcan 
Iron  Works,  of  St.  Louis.     Analyzed  by  Chauvenet  and  Blair. 

Analyses  of  spiegeleisen  manufactured  by  the    Woodstock  Iron 

Company f  Annision^  Alabama.1[ 


I. 

IL 

III. 

IV. 

Mtnganese.... 

Itoo..  ...m, 

Silioon 1 

10.18 

85.11 

0.95 

0.10 

8.66 

8.14 
85.98 
0.88 
0.17 
4.88 

14.13 

80.37 

0.88 

0.18 

4.94 

20.C9 

73.86 

0.93 

Phosphorus... 

0.197 

Oar  boo 

4.32 

Analysis  of  ferro-manganese  imported  into  the  United  States  in 

1890. 

Metallic  manganese 80.29 

Phosphorus 0.337 


*  Ferro-manganese :    Its  Uses  and  the  Facilities  for  its  Manufacture  in  the  United  States, 
by  Willard  P.  Ward.  St.  Louis,  1876,  p.  7. 

t  W.  P.  BlakOi  Trans.  Amer.  Inst.  Mng.  Eng.,  IV.,  1877,  p.  219. 
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Anaiyaea  of  spiegehiaen  and  ferro-manganeae  manufactured  by  the 
Colorado  Coal  and  Iron  Company  of  Pueblo^  Colorado,^ 


HangaDese.... 

SiliooD.... 

Pho8phora8~. 

Carbon 

Sulphur.. 


SPISdELEISEBT. 


25.96 

128.80 

.98 

.91 

.095 

.100 

4.80 

5.00 

.160 

.140 

FERRO- 
MANGAMESE. 


40.00 

.75 

.100 

5.600 

.180 


Analyaea  of  the  beat  apiegeleiaen  imported  into  New   York  in  186S, 

1869  and  ISTS.f 


1868. 

1869. 

1878. 

ManganeM^ 

9.142 
85.67 
.068 
.037 

10.625 

84.455 

.868 

.044 
.002 
4.804 
.034 
.006 
.049 
.016 

10.668 

84.122 

.268 

.104 

10.228 
84.869 
.884 
.027 
.001 
4.461 
.081 
.002 
.012 

11.180 

10.22 

Iron 

Silicon^ 

Phosphorus 

.089 

.06 

Carbon 

5.048 
.082 
.005 
.082 
.016 

4.907 
.086 
.004 
.032 
.021 

.279 

.20 

Nickel  and  Cobalt 

Aluminum 

Calcium 

••••••••••••a* 

••••••••••«•••• 

Total 

99.999 

• 

99.898 

100.062 

100.010 

^  Furnished  bj  Mr.  I.  QroTe,  Superintendent  of  the  works, 
t  Mineral  Resources  of  the  United  States,  1888-84,  p.  561. 
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Analyses  of  low-manganese  pig-iron^  of  spiegeleisen  and  of  ferro^ 
manganese  from  SL  Louis  furnaces,  Marseilles,  France.^ 


Manganese.... 

Iron 

Silicon........... 

Phosphorus .. 

Sulphur » 

Total  Carbon 
Total.  ., 


Lamellar 
pig- 


4.640 
90.070 
1.325 
trace). 
0.048 
8.627 


99.710 


SPIEGELEISEN. 


A. 


10.930 
t88.958 
0.690 
0.002 
0.010 
4.410 


B. 


106.000 


1?.600 
t75.562 
0.168 
0.015 
0.005 
6^750 


100.100 


Ferro-manganese. 

A. 

B. 

39.900 

84.960 

t54.436 

8.550 

0.186 

0.660 

0.020 

0.005 

0.008 

0.085 

5.450 

5.700 

100.100 

99.910 

Gray 

steel  J 

pig- 

8.310 

t89.029 
2.740 
0.01& 

o.ooe 

4.900 
100.000 


Analyses  of  French  and  German  weissstaJil,  spiegeleisen  and  ferra- 

manganese.X 


Manganese. 

• 

a 

z 

• 

1 

•mm 

30 

3 

• 

a, 

"3 

CO 

Carbon. 

A. 

B. 

c. 

Eisenerz  Weiasstahl..^ 

0.26 
0.46 
0.46 
2.78 
-    1.49 
10.20 

0.02 
O.OS 
0.08 
0.18 
0.24 
0.29 
0.18 

0.77 
0.06 

8.4» 

Wissen  Spiegeleisen 

French  Snleffeleisen 

11.10 
20.50 
61.80 
74.90 
87.90 
20.50 

75.86 
41.70 
18.20 
6.78 
66.76 

4.10 

5.2ft. 

French  Ferro-manganese. 

French  Ferro-manganese~ 

French  Ferro-manganese 

FrABch  Ferro-ailicon 

tf.00 

6.4» 

6.sa 

2.6ft 

*  Quoted  from  M.  Jordan,  Managing  Director,  by  Dr.  R.  W.  Raymond,  Trans.  Amer^ 
Inst.  Mng.  Eng.  VI.,  1877-8,  p.  198. 
t  By  difference. 
{Metallurgy,  by  J.  A.  Phillips  and  H.  Bauerman,  1887,  p.  257« 
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Of  the  three  columns  under  carbon,  the  first,  a,  represents 
the  amount  of  graphitic  carbon,  the  second,  6,  that  of  combined 
carbon,  the  third,  c,  the  total  amount  of  that  element  present. 

Table  showing  the  quantity  of  manganese  in  various  kinds  of  for- 
eign steeL^ 


Steelf. 

Per  cent 
Manganese. 

Steels. 

Per  cent 
Manganese. 

Krupp'«  crucible  cast  steel 
Eaaem 

1 

1 
0.487  to  0.438    ' 

HoBrder  steel 

0.107  to  0.170 

Bochum  cut  steel 

0.812  to  0.317 
0.327  to  0.882 

0.803 
0.035 

Cannon  steel  (Terre Noire)... 
Rail  steel  (Creasot)... 

0.240 
0.550 

Rail  steel  (Petit  Oaadin) 

Rail  steel  (Terre  Noire) 

Rail  uteel  (Seraing) 

MangaDene  steel  of  Ludwig 
in  Berlin 

o.5eo 

0.860 

Fine  niano  wire- 

0-650 

ALLOTS  OF   MANGANESE   WITH   METALS   OTHER  THAN  IRON. 

Early  experiments. — The  first  reference  to  the  use  of.  man- 
ganese in  an  alloy  was  made  in  England  by  Dovey  f  iQ  st  patent 
taken  out  in  1773.  His  object  was,  as  he  explained,  to  make  ^^a 
metal  of  the  color  of  and  in  all  respects  resembling  gold,''  by 
mixing  '^mangonize  oar"  with  copper,  tin  and  zinc.  Though  his 
ambitious  desire  to  imitate  gold  was  not  accomplished,  his  pat- 
ent is  of  interest  as  showing  the  early  attempts  to  use  mangan-<- 
ese  in  alloys. 

Berthier  made,  experimentally,  many  alloys  containing  man- 
ganese and  described  their  properties  early  in  this  century.  Dr. 
John  Percy  also  investigated  the  effects  of  admixture  of  mangan- 
ese and  other  metals,  and  the  results  of  his  investigations  have 
greatly  assisted  the  commercial  manufacture  of  such  alloys  at 
the  present  day.J 

Characteristic  features. — In  spite  of  these  early  experiments, 
the  art  of  using  manganese  in  alloys  with  other  metals  than  iron 

^Qaoted  bj  Mineral  Resources  of  the  United  States,  1883-4,   from   Kessler,  in  Dingler's 
PoljtechDischM  Journal. 

t  R.  A.  Hadfleld,  Proceed.  Civil  Engineers,  XCIIl.,  Ft.  III.,  1888. 

}E.  H.CjwleK,  Traus.  Aner.  In  it.  Mng.  Eog.  XVIII.,  1888-90,  p.  495. 


3  Geological,  Vol.  i.,  1890. 
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may  be  said  to  be  yet  io  its  io&ncy.  The  alloys  ksowa  as 
manganese  bronzei  silver-bronze  and  other  manganese-bearing 
alloys,  however,  have  many  valuable  properties,  and  their  manu- 
facture, especially  that  of  manganese-bronze,  has  already  become 
an  important  industry. 

Among  the  most  marked  effects  that  manganese  has  on 
these  alloys  are  the  hardness  it  imparts,  the  influence  it  exerts, 
when  present  in  variousL  proportions,  on  elasticity,  ductility,  ten- 
sile strength,  fusibility,  fluidity,  etc.;  the  low  magnetic  proper- 
ti«»R  and  the  high  electric  resistance  that  it  gives  the  alloy,  and 
the  power  that  it  exerts  in  imparting  a  white  color  to  copper  and 
other  metals.  The  whitening  power  of  manganese,  as  shown  in 
the  description  given  further  on  of  Cowles'  silver^bronze  is,  in 
some  cases  at  least,  greater  even  than  that  imparted  by  nickel. 

Manganese-bronze. — The  name  manganese-bronze  is  ap- 
plied to  alloys  of  manganese  and  copper,  and  alloys  of  manga- 
nese, copper  and  iron.  Certain  forms  of  the^e  alloys  possess 
remarkable  strength,  toughness  and  hardness,  and  have 
been  devoted  to  various  uses.  The  largest  use  of  manganese- 
bronze  in  this  country,  however,  is  as  a  material  for  the  screw 
propellers  of  steamships.  It  is  manufactured  by  B.  H.  Cramp 
and  Company,  of  Philadelphia,  and  by  the  Cowles  Electric 
•Smelting  and  Aluminum  Company,  of  Lockport,  New  York. 
Many  of  the  new  cruisers  and  gunboats  of  tne  CJuited  States 
Navy,  as  well  as  many  other  large  steamers,  are  fitted  or  being 
fitted  with  manganese-bronze  propellers.* 

Manganese-bronze  mixed  with  tin  and  lead  has  been  used 
for  machinery  bearings  and  other  similar  purposes. 

In  1870  M.   A.  Valenciennes  f  described  several  alloys  of 

x^obalt  and  copper,  and  of  manganese  and  copper.  He  made 
metallic  manganese  first,  by  reducing  pure  peroxide  with  char- 
coal in  a  magnesia  crucible.   The  metal  thus  obtained  was  brittle, 

*  Among  these  are  the  oruiyen  Philadelphia,  Baltimore,  Newarc  and  Vesurius ;  the  gun- 
boatB  Yorktowo,  Beaniogton  and  Concord.  Sereral  of  the  largest  of  the  trans-AtlaBtic  steamera 
also  have  manganese-bronxe  propellers,  among  them  being  the  City  of  Paris,  the  Oity  of  New 
York,  the  Etrurla,  Umbria,  Teutonic,  Augusta  Victoria  and  many  others. 

t  Notes  sur  le  cobalt,  le  Mangasese  et  leur  alllages  avec  le  culrre.  Oomptes  Rendus  Acad. 
Sel.,  1870,  LXX.,  p.  607. 
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white  and  altered  rapidly  in  the  air,  going  into  the  form  of  a  red 
oxide.  With  this  metal  he  made  an  alloy  oontaining  20  per  cent 
of  maDganese,  and  from  it  made  five  others  oontaining  respect- 
ively 3  per  cent,  5  per  cent,  8  per  cent,  12  per  cent  and  15  per 
•cent  ef  manganese.  They  all  resembled  the  alloys  of  copper  and 
tin,  and  like  them  were  hard,  sonorous,  and  easily  melted. 

The  alloy  containing  15  per  cent  of  manganese  was  of  a  gray 
<ioloT,  very  hard  and  brittle.  It  melted  like  brass  and  was  very 
fluid.  It  did  not  appear  to  undergo  alteration  even  after  con- 
-siderable  time. 

The  alloy  containing  12  percent  of  manganese  was  also  very 
brittle  and  hard.  When  freshly  turned  it  was  of  a  gray  color,  but 
«oon  changed  to  a  brass  yellow. 

The  alloys  containining  3,  5  and  8  per  cent  of  manganese 
seemed  to  have  lost  the  brittle  quality  given  by  a  larger  per  cent 
of  manganese.  They  were  ductile,  could  be  hammered,  passed 
through  rolls  and  converted  into  thin  sheets. 

Parson's  manganese-bronze, — In  1876  Mr.  Parson  took  out 
4i  patent  in  England  for  the  manufacture  of  certain  alloys  of 
copper,  or  ordinary  bronzes,  with  manganese.  In  1878*  this 
alloy  was  manufactured  at  the  works  of  the  White  Brass  Com- 
pany and  sold  under  the  name  of  ^'Parson's  Manganese  Bronze.'^ 

The  alloy,  as  then  manufactured,  was  composed  of  any  ordi- 
nary  bronze  combined  with  manganese.  The  latter  appears  to 
have  the  eSect  of  cleansing  the  metal  of  all  oxide  and 
renders  it  of  a  very  uniform  and  close  grained  consistency,  a 
fresh  fracture  having  a  structure  as  fine  and  close  as  steel.  The 
tilioy  possesses  increased  strength,  toughness  and  hardness,  the 
latter  being  especially  marked.  In  color  it  is  like  good  gun 
metal,  but  is  of  a  rather  brighter  and  more  golden  hue.  ^'It  can 
be  forged  at  a  red  heat  and  rolled  into  rods  and  sheets,  and 
drawn  into  wires  and  tubes.  The  best  results  are  obtained  in 
using  spiegeleisen  or  ferro- manganese  in  varying  proportions, 
according  to  the  requirements  of  the  bronze."  Specimens  were 
tested  at  the  Royal  Gun  Factories  and  it  was  found  that  cast 
€pecimens  had  a  tensile  strength  and  elongation  equal  to  medium 

*  Ure'a  Diet,  of  Arts,  Manufactures  and  Hining,  Vol.  IV.,  Supp.  1878,  pp.  160-161. 
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qaality  wrought  iron^  and  a  higher  elastic  limit.  All  the  forged 
specimeDS  had  a  considerably  higher  tensile  strength  and  elonga- 
tion. 

In  connection  with  the  fact  already  mentioned^  that  mangan- 
ese frees  the  copper  from  oxide,  it  is  of  interest  to  mention  that 
Richard  Pearce  *  has  found  as  much  as  3  per  cent  of  sulphide 
of  manganese  in  copper  matte  containing  50  to  60  percent  of  me- 
tallic copper,  made  at  Butte  City^  Montana,  and  he  states  that 
its  presence  seems  to  render  the  copper  less  liable  to  oxidize. 
In  the  case  of  manganese-bronze,  the  metallic  manganese  prob- 
ably acts  as  a  reducing  agent  for  any  oxide  of  copper  that  majr 
be  present,  and  in  the  case  of  the  Butte  City  matte  the  sulphide 
possibly  plays  a  somewhat  similar  part. 

Cowles^  silver-bronze. — Cowles'  silver-bronze  is  an  alloy  of 
manganese,  aluminum,  zinc  and  copper,  with  a  certain  proportion 
of  silicon.  It  is  manufactured  by  the  Cowles'  Electric  Smelting 
and  Aluminum  Company,  of  Lockport,  New  York,  and  is  the 
result  of  a  long  series  of  experiments  by  the  Cowles  brothers. 
It  is  made  as  a  substitute  for  German  silver  and  has  only  lately 
been  put  on  the  market.  The  following  description  of  the  silver- 
bronze  alloy,  and  the  causes  which  led  to  its  manufacture,  are 
given  by  Mr.  Eugene  H.  Cowles.f  After  speaking  of  the  diffi- 
culties attending  the  use  of  manganese-bronze,  he  says: 

"  In  order  to  overcome  the  two  prime  difficulties,  that  of 
casting  and  that  of  corrosion,  we  have  introduced  a  small  per- 
centage of  aluminum  into  the  alloy,  with  the  happiest  effect. 

"The  successive  steps  that  have  been  pursued  are  recorded  in 
a  list  of  upwards  of  two  hundred  distinct  mixtures  of  the  several 
metals,  copper,  zinc,  tin,  lead,  aluminum,  iron  and  manganese 
and  the  metalloid  silicon,  and  experiments  upon  the  same  in 
ascertaining  the  tensile  strength,  ductility,  color,  etc.  The  most 
important  determinations  derived  from  this  list  of  experiments 
appear  to  be  about  as  follows : 

'^1.     That  pure  metallic  manganese  exerts  a  bleaching  effect 


«Tniii0.  Amer.  lost  Mng.  Eog.  X[.,  1882-83,  p.  59. 

t  Physical  Properties  of  some  of  the  Alloys  of  Manganese,  Copper  and  Aluminum.  Trans. 
Amer.  Inst.  Mng.  Eng.,  XVIIL,  1889-90,  pp.  494-496. 
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upon  copper,  more  radical  in  its  action  even  than  nickel.  In 
other  words,  we  found  that  18^  per  cent  of  manganese  present  in 
copper  produces  as  white  a  color  in  the  resulting  alloy  as  25  per 
cent  of  nickel  would  xio,  this  bein^  the  amount  of  each  required 
to  remove  the  last  trace  of  red. 

''2.  That  upwards  of  20  or  25  per  cent  of  manganese  may 
be  added  to  copper  without  reducing  its  ductility,  although 
doubling  its  tensile  strength  and  changing  its  color. 

^'3.  That  manganese,  copper  and  zinc,  when  melted  together 
and  poured  into  moulds,  behave  very  much  like  the  most  ^yeasty' 
German  silver,  producing  an  ingot  which  is  a  mass  of  blow 
holes,  and  which  swells  up  above  the  mould  before  cooling. 

"4.  That  the  alloy  of  manganese  and  copper  by  itself  is  very 
easily  oxidized. 

^'5.  That  the  addition  of  1.25  per  cent  of  aluminum  to  a 
manganese-copper  alloy,  converts  it  from  one  of  the  most  refrac- 
tory of  metals  in  the  casting  process,  into  a  metal  of  superior 
casting  qualities,  and  the  non-corrodibility  of  which  must,  in 
many  instances,  be  far  greater  than  that  of  either  German  or 
nickel  silver. 

"The  ^silver-bronze  alloy'  especially  designed  for  rods,  sheets 
and  wire  has  the  following  composition:  Manganese,  18; 
aluminum,  1.20;  silicon,  5;  zinc,  13,  and  copper,  67.5  per  cent. 
It  has  a  tetisile  strength  of  about  57,000  pounds,  on  small  bars, 
and  20  per  cent  elongation.  It  has  been  rolled  into  thin  plate; 
and  drawn  into  wire  .008  inch  in  diameter.  A  test  of  the  elec- 
trical conductivity  of  this  wire  (of  size  no.  32)  shows  its  resist- 
ance to  be  41.44  times  that  of  pure  copper.  This  is  far  lower 
conductivity  than  that  of  German  silver,  and  is  a  matter  of  con- 
siderable importance  to  electricians  who  may  wish  a  cheaper  and 
better  material  than  can  be  had  at  present,  from  which  to  con- 
struct resistance  coils." 

Manganese  with  aluminum  and  with  magnesium. — Alloys 
have  been  made  by  Terreil  composed  of  manganese  with  alumi- 
num and  manganese   with   magnesium.*     The  aluminum  alloy 


*BaII.  Soc.  Chim.,  XXL,  p.  289.    Q  loted  in  Diet,  of  Chem.,  Henry  Watta,  8d  Supple, 
ment,  Vol.  II.,  1881.,  p.  1261. 
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was  very  hard  and  scratched  glass.     The  magDesium  alloy  was 
softer. 

Alloys  of  manganese  with  copper,  zinc,  tin  and  lead. — In  1870 
J.  F.  Allen*  described  several  alloys  of  manganese  with  copper 
and  with  zinc.  The  first  were  made  by  reducing  a  mixture  of 
oxide  of  manganese  and  oxide  of  copper  in  a  plumbago  crucible 
with  charcoal.  Later,  a  Siemens  furnace  was  used.  An  alloy  con^ 
taining  copper  75  per  cent,  manganese  25  per  cent,  was  very  hard 
and  very  brittle  when  hot,  and  when  cold  was  still  hard,  but  was 
highly  elastic  and  was  rolled  with  ease.  With  proportions  of  man- 
ganese from  5  to  30  per  cent,  the  alloy  was  malleable,  ductile  and 
had  a  considerably  greater  tenacity  than  copper.  When  zino 
was  added  to  the  manganese-copper  alloy  in  certain  proportions, 
products  were  obtained  which  Allen  says  ^'  possess  the  advantage 
both  over  German  silver  and  yellow  metal,  that  whereas,  the  one 
will  only  roll  cold  and  the  other  hot,  the  manganese  alloys  roll 
from  hot  to  cold."  In  other  respects  the  manganese-copper-zino 
alloy  very  closely  resembled  some  grades  of  German  silver^ 
though  not  the  best.  A  manganese-copper  alloy  was  made  to 
combine  with  tin,  lead  and  other  metals,  and  from  these,  castings 
for  machinery-bearings  were  made. 

Five  sample  alloys  were  made : 

1.  Manganese-copper  alloy,  varying  from  5  to  35  per  cent 
manganese ;  made  in  form  of  ingot,  sheet  or  wire. 

2.  Copper-zinc-manganese  alloy  in  different  proportions 
and  different  forms. 

3.  Copper-zinc-manganese-tin  alloy  in  form  of  ingots  and 
bearings. 

4.  Copper-manganese-tin  in  several  different  proportions 
as  bars. 

5.  Copper-manganese-lead  alloy. 

Other  alloys. — According  to  D.  C.  Davie8,t  "  at  the  smelt- 
ing works  at  Dillenburg,  in  Hesse-Nassau,  several  valuable  alloys 
of  the   metal   (manganese)  are  made  with  iron,  copper  and  tin. 

«Ohem.  News,  Vol.  XXIL,  1870,  p.  194. 

t  Earthy  and  other  Minerals  and  Mioing.    London,  1884,  p.  283. 
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Mansfield  refined  copper^  for  example,  mixed  with  11  per  cent 
of  manganese  forms  the  pure  manganese-bronze,  which  is  capable 
of  bearing  a  heavy  breaking  strain.  A  mixture  of  copper  85» 
tin  6,  zinc  3,  and  cupro-manganese  3  parts,  gives  a  casting  that 
will  bend  to  a  right  angle  before  showing  fine  cracks.  An  alloy 
also  of  great  hardness,  but  workable  with  tools,  is  also  made  at 
the  same  works  with  80  parts  of  copper,  10  parts  of  tin,  and  10 
parts  of  manganese.  Varying  proportions  of  the  metal  are  used 
with  iron,  tin,  copper  and  zinc  to  produce  results  adapted  to 
particular  uses." 


CHAPTER  III. 
MODERN  USES  OF  MANGANESE— Cbn«7iw€d. 

OXIDIZERS    AND   OOLORING   MATERIALS. 

Elements  of  value  of  manganese  ore  for  oxidizing  purposes, — 
The  manufacture  of  chlorioe  consumes  by  far  the  larger  part  of 
those  ores  of  manganese  that  are  used  for  oxidizing  purposes • 
As  already  stated,  the  value  of  an  ore  for  such  purposes  depends 
upon  the  amount  of  oxygen  that  can  be  derived  from  it  by  means 
of  keat  or  acids,  or  both.  This  product  is  known  as  the  "avail- 
able oxygen  "  of  the  ore,  as  distinguished  from  the  oxygen  that 
cannot  be  taken  from  the  ore  in  the  ordinary  processes  of  man- 
ufacture. The  only  manganese  ores  in  which  available  oxygen  ex- 
ists in  commercially  important  quantities  are  pyrolusite  and  some 
forms  of  psilomelane.  Brauuite,  though  richer  in  manganese  than 
either  of  these^  contains  much  less  available  oxygen,  and 
manganite  is  no  better.  The  reason  for  this  difference  is  due  to 
the  different  stages  of  oxidation  of  the  manganese  in  the  difl'erent 
ores.  They  all  consist  of  chemical  combinations  of  manganese 
and  oxygen,  but  braunite  and  manganite  are  in  lower  stages  of 
oxidation^  that  is,  the  manganese  in  them  is  combined  with  less 
oxygen  than  in  pyrolusite  and  psilomelane.  Hence  the  manganese 
itself  in  braunite  and  manganite  is  higher  than  in  the  last  two  and^ 
though  they  are  of  but  little  value  as  sources  of  oxygen,  they  are 
more  valuable  than  pyrolusite  and  psilomelane  as  sources  of 
metallic  manganese. 

Pyrohisite  and  psilomelane,  when  pure,  are  essentially  com 
posed  of  peroxide  of  manganese,  though  psilomelane  contains  in 
addition  small  quantities  of  baryta  and  potash.     The  peroxide 
contains  more  available  oxygen  than  any  other  oxides  of  man- 
ganese found  in  nature,  and,  as  pyrolusite  is  a  purer  peroxide 
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than  psilomelane,  it  is  the  most  desirable  ore  for  oxidizing  par- 
poses.  The  chemical  composition  of  peroxide  of  manganese  is  a 
^combination  of  one  atom  of  manganese  and  two  atoms  of  oxygen, 
amounting,  when  the  ore  is  pure,  to  63.2  per  cent  of  manganese 
and  36.8  per  cent  of  oxygen.  Only  one  of  the  two  atoms  of 
oxygen,  however,  can  be  obtained  economically,  and  therefore 
the  amount  of  "available  oxygen''  in  a  theoretically  pure  ore  is 
only  18.4  per  cent.  Even  this  is  never  found  in  commercial 
ores,  as  they  are  all  more  or  less  mixed  with  earthy  impurities, 
^nd  from  13  to  17  per  cent  is  as  high  as  they  usually  run. 

The  action  of  the  ore  in  oxidizing  processes. — Hence  we  see 
that  when  a  manganese  ore  is  employed  as  an  oxidizer,  the  man- 
ganese itself  is  not  utilized.  It  is  simply  the  oxygen  which  is 
combined  with  the  metal  that  is  used,  and  the  fact  that  manga- 
nese ore  is  adapted  for  such  purposes  depends  upon  the  facility 
^ith  which  metallic  manganese  in  nature  combines  with  a  large 
proportion  of  oxygen,  and  the  equal  facility  with  which  it  can  be 
made  to  give  up  a  part  of  that  material.  Hence,  in  the  manu- 
facture of  chlorine,  manganese  is  simply  a  carrier,  as  it  were,  to 
transport  oxygen  to  the  materials  from  which  chlorine  is  ex- 
tracted. 

THE   USE  OF   MANGANESE   IN  THE  MANUFACTURE  OF  CHLORINE. 

Requirements  and  valuation  of  the  ore. — In  the  manufacture 
of  chlorine,  several  other  factors  enter  into  the  valuation  of  a 
manganese  ore,  besides  the  percentage  of  available  oxygen.  Any 
impurities  soluble  iu  hydrochloric  acid  are  injurious,  as  they 
consume  a  part  of  that  ao.id  used  in  the  process,*  Iron,  alkalies 
and  alkaline  earths  come  under  this  head.  Ferrous  oxide  is 
additionally  injurious  as  it  not  only  uses  up  acid,  but  also  ab- 
sorbs oxygen.  Carbonate  of  lime  and  other  carbonates  are  also 
especially  injurious  as  they  both  consume  hydrochloric  acid  and 
give  off  carbonic  acid,  which  has  a  very  deleterious  effect  on  the 
bleaching  powder  made  from  chlorine.  In  England  ores  con- 
taining over  one  per  cent  of  carbonic  acid  are  considered  very 
poor  for  chlorine  purposes.* 

*  Geo.  Lunge,  Manafaoture  Sulphuric  Acid  and  Alkali,  Vol.  III. 
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The  difficulty  could  be  overcome  by  crashing  the  ore  anc) 
treating  it  with  acid^  but  thin  adds  considerably  to  the  expense. 
Even  insolable  impurities,  like  sulphate  of  barium  and  silica,  are^ 
undesirable,  as  they  obstruct  the  action  of  the  acid.  The  value 
of  the  ore  also  depends  largely  on  its  softness,  as  a  soft  ore  ^a 
readily  dissolved  by  hydrochloric  acid,  while  hard  ores  require 
more  heat,  a  longer  time,  and  an  excess  of  acid.  Therefore^ 
many  ores,  otherwise  very  good,  are  rendered  of  but  little  value- 
for  the  manufacture  of  chlorine  by  being  too  hard. 

The  ores  are  rated  according  to  to  their  percentage  of  per- 
oxide of  manganese.  The  mineral  pyrolusite,  if  theoretically^ 
pure,  would  be  composed  entirely  of  the  peroxide,  but,  as  found 
in  nature,  it  always  contains  from  2  or  3  to  50  per  cent  or  more 
of  other  ingredients.  These  are  often  in  the  forms  of  the  various, 
manganese  ores  which  afford  no  available  oxygen.  According 
to  Lunge*  a  deduction  is  made  in .  England  for  German  ores^ 
used  for  chemical  purposes,  if  they  contain  less  than  60  per  cent 
of  peroxide,  and  an  advance  is  given  on  any  containing  more  than 
that.  No  German  ores  containing  less  than  67  per  cent  are 
accepted.  The  standard  for  Spanish  and  other  similar  ores  is  70 
per  cent  of  peroxide,  with  an  advance  or  a  deduction  for  orea 
containing  more  or  less.  The  minimum  limit  allowed  is  65  per 
cent. 

Naturcj  discovery  and  history  of  chlorine. — Chlorine  is  a  green^ 
ish-yellow  gas,  of  a  pungent,  suffocating  smell,  and,  when  exposed 
to  a  pressure  of  about  four  atmospheres,  can  be  reduced  to  a 
yellow  limpid  fluid.  It  is  one  ot  the  elementary  substances  com- 
posing the  crust  ot  the  earth  and  forms  an  essential  part  of  com^ 
mon  salt.  It  was  first  discovered  by  Scheele,  and  was  described 
by  him  in  1774.  Previous  to  this,  in  the  early  part  of  the  seven- 
teenth century,  the  vapors  which  rise  from  aqua  regia,  and  whicb 
are  in  part  composed  of  chlorine,  were  known  to  Glauber  and 
other  chemists,  but  the  nature  of  the  material  was  not  understood. 
Scheele  discovered  chlorine  during  his  celebrated  investigations 
on  manganese,  and  his  results  have  not  only  distinguished  him. 
as  the  first  expositor  of  the  nature  of  manganese  compounds,  but 

^  Geo.  Luoge,  Manufacture  of  Salpharic  Acid  and  Alkali,  Vol.  III. 
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also  as  the  discoverer  of  a  material  which  is  today  at  the  founda- 
tion of  many  of  the  most  important  manufacturing  industries*. 
Scheele  noted  the  power  of  chlorine  to  bleach  vegetable  colors,  a 
power  on  which  depends  most  of  its  present  uses,  but  its  indus- 
trial value  was  first  agitated  by  Berthollet*  in  1785,  and  it  wa» 
made  at  Javelle,  near  Paris,  soon  afterwards.  James  Watts 
introduced  its  manufacture  into  Glasgow  in  1786.  In  1798  and 
1799  Charles  Tennant  made  great  improvement  in  its  production, 
and  started  the  practice  of  absorbing  the  gas  in  hydrate  of  lime» 
In  the  latter  year,  he  erected  the  still  celebrated  St.  Rollox 
Chemical  Works  at  Glasgow  for  its  manufacture. 

Uses  of  chlorine, — As  chlorine,  under  ordinary  conditions,  is^ 
a  gaseous  material,  it  is  inconvenient  to  handle,  and  consequently 
it  is  passed  into  slaked  lime,  which  absorbs  it  and  forms  the 
chloride  of  lime  of  commerce.  This  material  is  employed  as  an 
oxidizing  agent  in  a  vast  number  of  industries,  its  principal  use 
being  in  its  bleaching  powers,  which  are  directly  dependent 
upon  its  oxidizing  qualities.  It  instantly  destroys  the  strongest 
organic  coloring  principles,  such  as  indigo  and  others,  and  its^ 
largest  consumption  is  in  bleaching  vegetable  fibre,  such  as  cot- 
ton, flax,  hemp,  as  well  as  manufactured  cotton  and  linen  arti- 
cles, and  old  rags  used  in  paper-making.  Its  next  most  exten- 
sive use  is  for  disinfecting  and  deodorizing  purposes ;  and  in  all 
sanitary  work  it  is  one  of  the  most  powerful  agents  available. 
It  is  also  used  as  an  oxidizer  in  dyeing  and  calico-printing,  in. 
the  manufacture  of  chloroform  and  of  chlorate  of  potash;  in  puri- 
fying spirits  of  wine  and  fusrl  oil;  and  in  innumerable  other 
industries  where  a  powerful  oxidizer  is  desired. 

ITie  manufacture  of  chlorine. — The  simplest  means  of  makings 
chlorine  is  by  treating  pyrolusite  with  hydrochloric  acid,  but  in 
former  times  the  latter  material  was  too  expensive  to  allow  of 
this  being  done  profitably  on  a  commercial  scale,  and  therefore^ 
a  process  was  resorted  to  by  which  pyrolusite  and  common  salt 
were  treated  with  sulphuric  acid.  The  resulting  products  were 
sulphate  of  manganese,  sulphate  of  soda,  chlorine  and  water. 
The  reaction  which  went  on  was  : 

*  Geo.  Lunge,  Manufacture  of  Sulphuric  Acid  and  Alkali.    London,  1880. 
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MnO,  (pyrolusite)+2NaCl  (8alt)+2H,804(snlphuric  acid) 
=MnS04(8ulpbate  of  manganese)-}- NasSOi  (sulphate 
of  soda)H-2Cl  (chlorine)+2H,0( water). 

This  method  was  accompanied  with  considerable  expense 
and  is  now  only  occasionally  used  to  make  chlorine  in  smaU 
-quantities. 

In  the  first  half  of  this  century,  an  extensi>re  development 
of  the  alkali  industry  took  place  in  England  after  the  introduc- 
tion of  the  Leblanc  process  from  France,  in  1824^  and  one  of  the 
waste  products  was  hydrochloric  acid.  Consequently  large  quan- 
tities of  that  material  became, available,  and  its  use  in  making 
chlorine  quickly  drove  out  the  old  method.  It  now  practically 
supplies  the  whole  of  the  chlorine  *  used  for  the  making  of 
bleaching  powders,  bleach- liquors,  and  the  various  other  com- 
mercial forms  of  chlorine. 

Many  different  ways  have  been  used  for  treating  the  hydro- 
chloric acid,  but  they  all  depend  upon  its  action  on  pyrolusite, 
the  peroxide  of  nunganese.  The  acid  attacks  the  ore  and  forms 
chloride  of  manganese,  chlorine  and  water.  The  reaction  which 
goes  on  is : 

MnOi  (pyrolusite)+  4HC1  (hydrochloric  acid)=MnCla 
(chloride  of  manganese) -f-2Cl  (chlorine)  -f  2H2O  (water). 

The  process  is  carried  on  by  treating  coarsely  ground  pyro- 
lusite  iu  an  oblong  stone  still  with  hydrochloric  acid.  At  first 
the  action  goes  on  without  the  aid  of  heat,  but  after  eight  or  ten 
hourH  it  is  hastened  by  injecting  steam  into  the  mixture  at  inter- 
vals of  about  an  hour.  The  whole  process  takes  about  twenty- 
four  hours.  The  chlorine  is  conducted  off  in  pipes  from  the  top 
of  the  still.  The  liquid  that  remains  after  the  process  is  over, 
is  known  as  ^'still-liquor  "  and  contains  chloride  of  manganese, 
together  with  a  little  chloride  of  iron  and  chlorides  of  other  im- 
purities that  were  in  the  ore;  also  a  little  free  chlorine  and 
hydrochloric  acid. 

Regeneration  of  manganese, — The  still-liquor  was  formerly 
allowed  to  go  to  waste,  doing  great  damage  to  the  fish  in  the 
Tivers,  fouling  the  air  and  injuring  anything  that  it  came  in  con« 

<'Geo.  Luoge,  loc.  cit. 
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tact  with.  Not  only  this,  but  all  of  the  manganese  was  lost  in 
the  form  of  the  chloride.  As  manganese  ore  was  an  expensive 
material,  many  efforts  were  made  to  save  it  and  reconvert  it  ta 
peroxide,  so  that  it  might  be  used  over  again. 

Dunlop  process. — No  regenerating  process  was  successful,, 
however,  until  Charles  Danlop,  in  1855,  took  out  patents  for  the 
desired  object.  His  process  was  introduced  into  the  St.  Rollox- 
works  and  resulted  in  a  great  saving  of  expense,  as  the  annual  con- 
sumption of  manganese  at  those  works  alone  was  then  ten  thousand 
tons.  The  method  is  as  fillows:  The  still-liquor  is  neutralized 
with  ground  chalk,  the  iron  precipitated  as  hydroxide,  and  the 
rest  of  the  liquor  pumped  into  large,  horizontal  boilers,  supplied 
with  agitating  shafts.  More  chalk  is  then  added  in  quantities, 
sufficient  to  combine  with  the  chloride  of  manganese,  and  steam  is 
blown  in  until  a  pressure  of  two  to  two  and  a  half  atmospheres 
is  reached.  In  twenty-four  hours,  a  chemical  interchange  between 
the  chloride  of  manganese  and  the  lime  has  taken  place,  resulting^ 
in  the  formation  of  chloride  of  lime  and  carbonate  of  manganese. 
The  latter  is  removed,  washed,  pressed,  partly  dried  and  then 
placed  in  a  furnace.  Here  it  is  gradually  subjected  to  a  heat 
which  reaches  a  maximum  of  315^  C.  A  draft  runs  through  the 
furnace  and  the  mauganese  carbonate  is  occasionally  splashed 
with  water.  At  the  end  of  twenty-four  hours  it  has  been  com- 
pletely oxidized.  About  72  per  cent  of  it  is  in  the  form  of  per- 
oxide, the  same  form  as  pyrolusite,  and  28  per  cent  is  in  the  form 
of  lower  oxides  of  manganese  and  of  lime,  the  latter  comprising 
about  2  per  cent.* 

The  peroxide  thus  prepared  is  said  to  be  much  more  easily^ 
dissolved  in  hydrochloric  acid  than  tke  native  ore,  and  ia 
therefore  more  serviceable  in  making  chlorine. 

Weldon  process. — The  Dunlop  process  is  accompanied 
by  considerable  expense,  and  the  method  now  almost  uni^ 
versally  used  both  in  England  and  in  Europe  is  the  celebrated 
Weldon  process,  invented  by  Walter  Weldon  in  1867,  and  first 
put  into  practice  at  the  works  of  Messrs.  Gamble,  at  St.  Helen's, 
in  1868.     The  principle  of  this  method  depends  upon  the  fact 

^Q«o.  Lange,  loc.  cit.,  pp.  196-197. 
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that  when  freshly  precipitated  maogaDoas  hydroxide,  in  a  solu- 
tion of  calcium  chloride,  and  with  an  excess  of  lime,  is  subjected 
to  a  current  of  warm  air,  it  is  completely  converted  to  mangan- 
ese peroxide.  The  still-liquor  is  neutralized  and  freed  from  iron 
in  the  same  way  as  in  the  last  method.  To  it  is  then  added  1.6 
times  the  amount  of  milk  of  lime  required  to  precipitate  the 
chloride  of  manganese  in  the  form  of  hydroxide.  In  this  way  a 
mixture  of  hydroxide  of  manganese,  carbonate  of  lime  and 
•ohloride  of  lime  is  obtained.  This  is  heated  by  steam  and  a 
<;urrent  of  air  passed  through.  The  hydroxide  is  gradually 
oxidized  to  the  peroxide  and  settles  as  a  black  sediment  known 
as  ^'  manganese  mud. "  The  liquid  is  run  off  and  the  peroxide 
pressed  into  cakes.  It  is  then  ready  to  be  used  again  in  making 
chlorine. 

This  process  has  practically  revolutionized  the  chlorine  in- 
dustry, saving,  as  it  does,  by  far  the  larger  part  of  the  manganese 
There  is  always  some  loss,  however,  which  has  to  be  replaced 
by  the  addition  of  fresh  manganese  ore,  but  the  total  consump- 
tion of  manganese  for  chlorine  purposes  has  been  very  much 
reduced  by  the  introduction  of  the  Weldon  process. 

Consumption  of  manganese  in  the  alkali  trade  in  England. 
— The  following  figures  are  taken  from  tables  quoted  by  Geo. 
Lunge.  * 

1852 12,000  tons. 

1862 33,000     " 

1876 18,200    " 

The  manganese  represented  in  these  statistics  was  largely  con- 
sumed in  the  manufacture  of  chlorine,  though  smaller  quantities 
were  probably  used  for  minor  chemical  purposes. 

Source  of  chlorine  supply  in  the  United  States, — Most  all  the 
-chlorine  used  in  the  United  States  is  imported.  The  reason 
for  this  is  that  in  JBngland,  hydrochloric  acid  is  obtained  very 
<iheaply,  as  a  waste  product  from  the  alkali  factories,  while  in 
this  country,  where  comparatively  little  alkali  is  made,  hydro- 
<ihlorio  acid  is  much  more  expensive.  Consequently,  competition 
is  at  present  impossible.     In  England  the  alkali  and   chlorine 

^Manufacture  of  Sulphuric  Acid  and  Alkali,  Vol.  III.,  pp.  67-70: 
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tnanufactares  are  carried  on  together,  and  it  is  the  profits  real- 
ized from  the  chlorioe,  that  make  it  possible  to  sell  the  alkali 
«t  the  present  low  rates. 

THB  USE  OF  MANGANESE  IN  THE  MANUFAOTUBE  QF  BROMINE. 

The  use  of  manganese  in  the  manafactare  of  bromine  de- 
pends on  the  same  principles  as  its  use  in  the  manufacture,  of 
chlorine.  In  fact,  the  process  which  goes  on  is  the  generation 
of  chlorine,  from  hydrochloric  acid  or  from  chlorides  by  means 
x>t  peroxide  of  manganese,  in  the  manner  already  described,  and 
the  action  of  this  chlorine  on  various  bromides^  causing  theevo- 
iution  of  bromine. 

T%e  naJture  of  bromine. — Bromine  was  discovered  by  Balard 
in  1826.  At  ordinary  temperatures  it  is  a  deep  red,  very  volatile, 
thin  liquid,  with  a  suffocating  and  very  pungent  odor.  It  goes 
t)ff  in  yellowish-red  fumes  when  heated  and  has  a  bleaching 
power  similar  to  that  of  chlorine.  It  is  used  in  photography, 
medicine,  aniline  dyes,  as  a  reagent  in  chemical  work,  and  in 
limited  quantities  for  various  other  purposes,  but  its  application 
IS  much  less  extensive  and  less  varied  than  that  of  chlorine,  and 
its  production  is  correspondingly  small. 

The  sources  of  bromine. — Bromine  is  a  constant  constituent  of 
«ea  water,  and  frequently  occurs  in  saline  springs,  and  in  salt 
"deposits.  From  these  three  sources  the  principal  supply  of  it  is 
obtained.  It  is  genarally  found  in  the  form  of  bromide  of  mag- 
nesium, sodium,  potassium  or  lime  and  its  preparation  consists 
in  its  extraction  from  these  compounds. 

The  manufacture  of  bromine  in  the  United  States. — The  man- 
ufacture of  bromine  on  a  large  scale  in  the  CTnited  States  was 
begun  at  Natrona,  in  Pennsylvania,  in  1868,  anc^  spread  thence 
to  Pittsburg,  and  to  Pomeroy,  and  other  places  in  the  valley  of 
the  Ohio  River  in  Ohio  and  West  Virginia.  It  ie  at  present 
made  from  the  mother-liquor  obtained  from  salt  brine.  The 
brine  is  partly  evaporated  and  the  larger  part  of  the  salt  depos- 
ited. The  remaining  liquor  contains  the  salt  that  was  not  depos- 
ited and  the  soluble  bromide.  Sulphuric  acid  and  peroxide  of 
manganese  (pyrolusite)  are  added  to  this  solution.  The  sulphuric 


48  ANNUAIi  REPORT  STATE  aEOLOGIST, 

acid  acts  upon  the  salt  (chloride  of  sodiam)  forming  suIphate^ 
of  sodium  and  hydrochloric  acid.  The  latter  attacks  the  oxide- 
of  manganese  forming  chloride  of  manganese  and  chlorine.  The 
chlorine  attacks  the  bromide  forming  chloride  of  sodium  and 
setting  free  the  bromine.  The  latter  is  then  distilled  over  and 
condensed. 

Ihe  manufacture  of  bromine  at  Stassfurt,  Saxony. — Large 
quantities  of  bromine  are  obtained  from  the  salt  springs  of  Stass* 
furt,  in  Saxony.  The  bromine  here  occurs  in  the  form  of 
bromide  of  magnesium  and  was  first  worked  on  a  large  scale  by 
A.  Frank,  in  1865.  Most  of  the  salts  of  soda  and  potash  are 
removed  from  the  brine  by  concentration,  and  it  is  then  treated 
with  chlorine,  as  already  explained.  The  still  is  heated  and  the 
bromine  is  distilled  over  and  condensed,*  The  various  process- 
es in  the  manufacture  of  bromine  in  Europe  have  been  fully  de« 
scribed  by  Dr.  Emil  Pfeiffer.f 

TTie  manufacture  of  bromine  in  Scotland, — In  Scotland  X 
large  quantities  of  bromine  are  obtained  from  the  mother-liquor 
of  varec.  Yarec  is  the  alkaline  residue  obtained  by  burning  sea- 
weed, and  is  used  as  a  source  of  alkali.  The  process  of  extract- 
ing  the  bromine  is  the  same  general  method  as  that  described 
last.  The  principal  difference  is  that  the  solution  contains 
iodine,  which  has  to  be  removed  before  the  bromine  is  extracted. 
This  is  done  either  by  precipitation  by  passing  chlorine  through 
or  by  adding  sulphate  of  copper  and  forming  iodide  of  copper 
and  free  iodine. || 

THE   USB   OF   MANGANESE   IN  THE  MANUFACTURE   OF   QLASg. 

Efeot. — Manganese  is  used  to  accomplish  two  different  re- 
sults in  the  manufacture  of  glass:  one  in  removing  the  green 
color  given  by  iron  and  the  other  in  giving  a  violet,  amber,  or 
black  color. 


^  Spon'B  Eacjrclopedla    of  tb«  Industrial  Arts,  Manufactures  and  Commercial   Pro- 
ducts,  Dirision  II.,  p.  542. 

t  "Handbuch  der  Kali-Industrie,  Braunschweig,  1887. 

X  Spon,  loc.  cit.,  p.  642. 

II  Spon,  loo.  cit.,  p.  548. 
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As  a  decolorizer  of  glass. — One  of  the  most  important  points- 
in  selecting  sand  and  other  material  for  glass-making  is  to  have- 
them  as  free  as  can  be  from  iron  impurities,  but  it  is  practically 
impossible  to  get  them  absolutely  pure  and  the  prt^sence  of  iroD« 
shows  itself  in  the  green  color  common  in   bottle-glass.     This- 
color  is  due  to  the  existence  of  iron  in  the  ferrous  state,   or  state 
of  low  oxidation,  and  is  removed  if  pyrolusite  (peroxide  of  man- 
ganese) is  mixed  in  with  the  glass  during  its  manufacture.     The- 
manner  in  which  the  pyrolusite  eSect-)  this  is  <«  somewhat  dis- 
puted question.     Two  explanations  have   been  given:     the  first 
is  that  the  peroxide  of  manganese  gives  up  a  part  of  its  oxygen 
to  the  ferrous  iron  and  converts  it  to  the  ferric  state,  or  state  of 
high  oxidation.     In  this  form  the  iron,  when  in  small  quantities 
in  the  glass,   gives  a   light  lemon-yellow  color  which  is  almost 
imperceptible,  and  hence  the  clearness  of  the  glass.     The  second 
explanation  is  that  the  green  color   of  the  iron  and  the  purple, 
which,  under  certain  conditions  is  given  by  manganese,  act  as  com- 
plementary colors,  neutralizing  each  other  and  giving  a   colorless 
glass.  It  has  also  been  suggested  that  a  combination  of  both  actions 
goes  on,  by  which  a  part  of  the  ferrous  iron  is  oxidized  to  ferric 
iron  and  the  greenish-yellow  of  the  latter  is  neutralized  by  tha 
purple  of  the  manganese. 

If  sufficient  heat  is  not  used,  the  manganese  is  apt  to  give  id. 
pink  or  violet  uolor  to  the  glass,  and  the  same  effect  is  produced^ 
if  too  much  manganese  is  used.     Hence,  if  perfectly  clear  glass- 
is  wanted,  these  contingencies  must  be  guarded  against.     Even 
when  a  colorless  glass  is  obtained,  the  long  continued  action  of 
sunlight  on  it  very  often  brings  out  the  violet  color,  and  hence- 
the  cause  of  that  color  oflen  seen  in  the  window-panes  of   many/ 
old  houses.     To  avoid  these  difficulties,  arsenic  trioxide  is  oflenr 
used  instead  of  manganese  peroxide  and   for  the  same  purpose. 
When  heated  with  the  glass,  it  gives  up  its  oxygen  to  the  ferrous 
oxide,  and  the  arsenic  is  volatilized,  and  thus  entirely   removed 
from  the  glass. 

Another  difficulty  with  the  use  of  manganese  peroxide  is 
that,  as  found  in  nature,  it  almost  invariably  contains  more  or 
less  iron,  which,  of  course,  is  injurious  to  the  glass.     Therefore, 

4  Geological,  Vol.  i,  1890. 
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pure  peroxide  is  often  chemically  prepared  by  dissolving  the  ore, 
freeing  it  from   iron  and  reconverting  it  to  peroxide. 

As  a  ooloring  material  in  glasaJ^ — la  coloring  glass,  a  pink 
or  violet  shade  can  be  gotten,  as  already  shown,  by  adding  man- 
ganese,  which  forms  a  silicate  with  the  glass.  If  the  glass  is 
heated  too  long  or  too  high,  however,  the  color  disappears.  A 
red  color  can  be  obtained  in  glass  by  adding  certain  mixtures  of 
manganese  peroxide  and  iron  sesquioxide.  A  black  or  dark 
amber  color  can  also  be  gotten  by  proper  treatment  of  the  glass 
with  manganese  oxides. 

THE  USE  OF    MANGANESE    AS    A    DRYER    IN    VARNISHES    AND 

PAINTS. 

Manganese  peroxide  is  used  as  a  dryer  in  oils  to  be  mixed 
-with  varnishes  and  paints.  The  oxide  is  not  left  permanently  in  the 
oil,  but  is  only  immersed  in  it  for  a  certain  length  of  time,  when 
it  is  removed  and,  after  exposure  to  the  air,  is  ready  to  be  used 
again.  Its  effect  is  to  materially  increase  the  power  of  the  oil  to 
<]ry  rapidly.  It  is  claimed  that  this  result  is  reached  by  the 
manganese  giving  up  part  of  its  oxygen  to  the  oil,  and  that  on 
•exposure  to  the  air  the  manganese  replaces  its  lost  oxygen  by  a 
new  supply  from  the  atmosphere.  It  seems  somewhat  doubtful 
whether  this  transmission  of  chemically  combined  oxygen  actually 
takes  place,  and  whether  the  manganese  oxide  does  not  benefit 
the  oil  by  simply  carrying  to  it  oxygen  from  the  air  mechanically 
held  in  its  interstices. 

Sometimes  manganese  peroxide  is  not  used  in  the  raw  state 
in  oil,  but  is  prepared  chemically.  In  this  condition  it  is  said  to 
be  especially  fitted  for  a  dryer.  Oxide  of  lead  is  sometimes  used 
for  the  same  purpose. 

THE  USE   OF  MANGANESE   IN   ELECTRICITY. 

Leelanche^a  battery. — Pyrolusite  (peroxide  of  manganese)  is 
used  as  one  of  the  elements  in  Leclaoclie's  battery. 

The  production  of  electricity  in   batteries  depends  on  tb^ 

^Tbe  mention  of  the  use  of  manganese  in  coloring  f(]BB9  belongs  properly  under  the  head- 
ing of  the  uses  of  manganese  for  ooloring  materials,  but  it  is  given  here  in  order  to  bring  all 
the  applications  of  manganese  in  glass-making  t(^ther. 
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fact  that  when  two  rnetals,  immersed  in  a  liquid  medium  which 
<lis9olve8  one  more  easily  than  the  other,  are  connected  together, 
^a  current  is  generated,  proceeding  from  the  more  soluble  to  the 
iess  soluble  metal.  The  more  soluble  metal  represents  the  neg- 
ative pole  or  electrode  of  the  battery,  and  is  usually  made  of 
sine ;  the  less  soluble  metal  represents  the  positive  pole  or  elec- 
trode, and  is  often  made  of  copper.  A.n  entirely  insoluble  mate- 
rial may  be  used  for  the  positive  pole,  and  carbon  or  platinum 
are  frequently  employed.  The  liquid  medium  in  the  battery  is 
•cisually  water  with  sulphuric  acid  or  some  other  material  that 
will  attack  the  soluble  pole. 

During  the  generation  of  the  electricity,  the  acid  attacks  the 
sine  forming  a  soluble  sulphate  of  zinc,  or  other  salts  of  that 
metal,  varying  according  to  the  liquid  used.  Hydrogen  is  liber - 
lited  from  the  dilute  acid  and  settles,  when  there  is  nothing  pres- 
ent to  take  it  up,  on  the  positive  pole.  It  also  attacks  the  solu- 
ble salt  of  zinc,  reducing  it  to  the  metallic  state  and  causing  the 
formation  of  a  layer  of  zinc  on  the  same  pole.  Both  these  effects 
of  hydrogen  weaken  the  action  between  the  two  metals,  and  the 
-current  becomes  correspondingly  weak.  This  is  known  as  the 
polarization  of  the  electrodes,  and  is  usually  counteracted  by  the 
addition  of  a  material  which  acts  chemically  on  the  hydrogen 
and  prevents  its  remaining  on  the  pole.  In  the  Daniell's  cell, 
•and  also  in  the  Gravity  battery  which  is  almost  universally  used 
for  telegraph  work  in  thin  country,  the  required  material  is  sup- 
plied in  the  form  of  sulphate  of  copper  (blue  vitrei) ;  in  Le- 
•clance's  battery  it  is  supplied  by  peroxide  of  manganese  (pyrolu- 
site). 

In  Leclanche's  battery,  the  negative  pole  is  zinc.  The 
positive  pole  is  a  carbon  rod  tightly  packed  in  a  porous  jar  with 
«  mixture  of  equal  parts  of  coarsely  ground  pyrolusite  and  carbon. 
The  top  of  this  mixture  is  covered  over  by  a  layer  of  pitch.  Both 
the  zinc  and  the  porous  jar,  with  its  contents,  are  immersed  in 
an  aqueous  solution  of  chloride  of  ammonium  (sal-ammoniac), 
which  plays  the  part  of  the  dissolving  medium.  When  tho  cir- 
•cuit  is  closed,  the  chloride  of  ammonium,  zinc  and  water  react  on 
«ach  other,  forming  chloride  of  zinc  and  hydrate  of  ammonium^ 
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and  evolving  hydrogen  from  the  decomposition  of  the  water^ 
The  hydrogen  thus  set  free  combines  with  a  part  of  the  oxygen 
in  the  pyrolusite  and  is  again  converted  to  water,  instead  of 
being  deposited  on  the  pole.  The  pyrolnsite  is  reduced  from  the 
peroxide  state  to  a  lower  stage  of  oxidation  and  has  be  to  renewed 
at  intervals.  A  modification  of  the  carbon  electrode  has  been  • 
introduced  in  the  form  of  a  mixture  of  finely  ground  pyrolusite 
and  carbon  pressed  into  a  brick.  By  this  arrangement,  no 
porous  jar  and  no  additional  manganese  and  carbon  packing  ia 
required. 

The  electromotive  force  of  Laclanche's  cell,  when  first 
started,  is  1.88,  compared  with  that  of  the  DanielPs  cell  as  a  unit; 
and  Leclanche  states  that  24  of  his  cells  can  replace  40  DanielPs 
cells.*  This  amount  of  power  is  due  to  the  depolarizing  ac- 
tion of  the  peroxide  of  manganese,  and  renders  Lecl&nche's  cell, 
for  certain  purposes,  more  useful  than  the  DanielPs  cell.  In 
continuous  work,  however,  the  Leclanche  cell  soon  becomes 
polarized  and  loses  strength,  but  it  rapidly  regains  its  power 
when  left  at  rest  for  a  short  time.  Hence  the  cell  is  not  adapted 
for  long  continuous  service,  such  as  heavy  telegraphic  work;  but 
is  excellently  fitted,  by  reason  of  its  quick  recovery,  for  open 
circuit  work,  such  as  in  telephones,  electric  bells,  etc.  For  these 
purposes  it  is  very  extensively  used   all  over  the  United  States.. 

THE  USB  OF  MANGAXESE  IN  THE  PREPARATION  OP   OXYGEN. 

A  common  method  of  pre])aring  oxygen  on  a  small  scale  is 
to  heat  pyrolusite  (peroxide  of  manganese)  to  redness  in  a  re- 
tort. The  pyrolusite  gives  off  part  of  its  oxygen  and  goes  into  a 
lower  oxide.  The  oxygen  is  conducted  through  a  tube  into  a 
receiving  vessel.  As  already  explained,  the  power  of  pyrolusite 
to  give  off  oxygen  in  this  manner  depends  on  its  high  degree 
of  oxidation,  a  property  which  is  also  shared  by  psilomelane. 
But  on  account  of  the  greater  hardness  of  the  latter  ore,  as  well 
as  its  usual  contents  of  other  materials  with  the  peroxide  of 
manganese,  the  amount  of  oxygen  obtainable  from  it  is  usually 
less  than  from  pyrolusite. 

•Bltctrio  Batteries,  Alfred  HUadet,  tnuuUted  by  L.  Fishback,  1888,  p.  188. 
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Oxygen  is  often  made  by  beating  chlorate  of  potash  in  a 
retort  or  flask.  The  chlorate  is  decomposed  with  the  formation 
of  oxygen  and  chloride  of  potassium.  It  is  found  that  if  finely 
powdered  oxide  of  manganese  is  mixed  with  the  chlorate  of  pot- 
ash, the  latter  gives  off  its  oxygen  much  more  readily  and  at  a 
much  lower  temperature  than  if  heated  alone.  At  the  same  time 
the  oxide  of  manganese  is  in  no  way  affected,  none  of  its  oxygen 
is  removed  and  all  of  that  gas  which  is  produced  comes  from 
the  chlorate.  This  is  a  case  of  the  influence  occasionly  seen  in 
•chemical  reactions,  which  some  substances  can  exert  in  certain 
processes  without  undergoing  any  apparent  change  them- 
selves. 

Both  those  methods  of  obtaining  oxygen  are  only  used  on  a 
49mall  scale. 

THE   USB  OF   M4NGANESE  IN   DISINFECTANTS. 

.  Manganese,  in  the  form  of  manganates,  and  permanganates  is 
extensively  used  for  disinfecting  purposes.  These  materials  in- 
<slude  two  series  of  salts,  representing  two  acids  high  in  oxygen, 
known  as  manganic  (H2  Mn04 )  and  permanganic  (HMn04  )aeids. 
The  manganates  are  less  highly  oxidized  than  the  permangan- 
ates, but  are  very  unstable  and  readily  pass  into  the  latter  form. 
This  transition  can  be  brought  about  by  the  action  of  carbonic  acid 
t>r  bydisolving  in  an  excess  of  water.  Conversely,  the  perman- 
ganates can  be  converted  to  the  manganates  by  boiling  in  strong 
•caustic  potash  or  by  the  action  of  a  reducing  agent.  The  man- 
ganates are  characterized  by  a  green  color,  and  their  solutions, 
unless  in  the  presence  of  a  large  excess  of  free  alkali,  assume  a 
violet  or  red  color  and  pass  into  the  permanganates.  This  very 
markedc  hange  in  color  led  Scheele  to  give  the  coloring  material  the 
name  of  mineral  chameleon,  a  name  also  applied  to  other  mineral 
•substances. 

When  the  manganates  or  permanganates  are  brought  in 
contact  with  organic  matter,  they  readily  decompose  and  give 
dp  part  of  their  oxygen.  On  this  fact  depends  their  use  as  disin- 
fectants. The  oxygen  combines  with,  and  carries  off  the  injuri- 
ous elements  in  the   decaying   material.     Both   series  of  salts 
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are  also  used  for  other  oxidizing  purposes,  in  laboratory  work,   ii^ 
bleaching  fats  and  in  other  ways. 

Permanganate  of  potash  is  the  most  common  of  the  per- 
manganate or  manganate  compounds,  and  has  long  been  used 
as  a  powerful  oxidizing  agent  in  various  chemical  reactions.. 
The  use  of  manganates  and  permanganates  as  disinfectants,  bow- 
ever,  was  not  introduced  until  after  Hofmann,  in  1859,  had 
pointed  out  their  value  in  sanitary  work.  H,  B.  Condy,  of  Lon- 
don, was  the  first  to  bring  about  their  extensive  use,  and,  in  1862^ 
he  received  a  prize  medal  for  their  manufacture  on  a  large  scale. 
The  green  and  red  liquids  known  as  Condy's  Fluids  are  alkaline 
manganates  and  permanganates.  The  compounds  ordinarily^ 
used  for  sanitary  purposes  are  mixtures  of  manganate  and  per- 
manganate of  sodium.  They  are  made  by  heating  to  a  dull  red- 
ness, for  forty-eight  hours,  in  a  flat  vessel,  a  mixture  of  oaustio 
soda  and  finely  divided  peroxide  of.  manganese  (pyrolusite).  *^ 
This  is  then  lixiviated  and  partly  boiled  down.  It  can  be  used 
in  this  fluid  form,  or  evaporated  and  shipped  as  solid. 

If  it  is  desired  to  get  pure  permanganate  free  from  mangan- 
ate, the  latter  is  converted  into  the  former,  by  neutralizing  the 
solution  with  sulphuric  acid,  concentrating  until  Glauber^s  salt 
(sulphate  of  sodium)  crystallizes  out,  removing  this  and  further 
evaporating  the  solution,  f 

THE  USE  OP  MANGANESE  IN  CALICO-PRINTING   AND  DYEING. 

In  calico-printing  and  dyeing,  manganese  compounds  can  b& 
ufled  both  as  coloring  materials  and  as  mordants. 

Manganese  as  a  coloring  materiaL — The  color  known  as- 
^'manganese  brown"  or  "manganese-bronze"  can  be  obtained  by 
the  use  of  the  chloride,  sulphate  or  acetate  of  manganese.  What 
is  known  as  "bronze  liquor"  is  a  solution  of  chloride  of  mangan- 
ese; but  a  solution  of  the  acetate  is  preferable  as  the  acid  prop- 
erties of  the  former  are  apt  to  injure  the  fabric.  The  cloth  ia 
treated  with  a  solution  of  whichever  salt  of  manganese  is  used 
and  then  with  soda-ash    or  lime,  thus  forming  the  protoxide   of 

*  Bosooe  and  Schorlemmer,  Treatise  on  Chemistry,  Vol.  IT.,  Part  II.,  page  23. 
t  Hofmann's  Report,  Exhlb.,  1862,  p.  109.  (cited  by  Boscoe  and  Schorlemmer). 


MODBKN  USES  OF  MANGANESE.  55 

manganese^  which  is  precipitated  in  the  cloth.  This  material 
is  white  when  freshly  formed,  but,  by  exposing  to  the  air,  or  by 
treating  with  chloride  of  lime,  it  goes  into  a  higher  oxide,  which 
has  the  desired  brown  color.  Figures  in  different  colors  can  be 
printed  on  the  '^manganese  brown^'  ground,  the  colors  being  so 
composed  as  to  remove  the  brown  immediately  under  them, 
thus  giving  white,  black,  blue,  red,  yellow  and  other  colored 
objects  on  a  brown  background.  This  is  known  as  ^'manganese 
bronze  style".  * 

If  cotton  is  soaked  in  a  solution  of  permanganate  of  potash 
it  assumes  a  dark  brown  color  similar  to  that  already  described. 

Manganese  as  a  mordant. — Manganese  in  the  form  of  the 
hydrated  protoxide  is  sometimes  used  as  a  mordant  in  '^fixing'' 
different  colors  in  dyeing.  The  fabric  to  be  dyed  is  treated  with 
permanganate  of  potash  and  then  subjected  to  the  action  of  a 
strong  reducing  agent.  This  causes  the  precipitation  of  the 
hydrated  protoxide  in  the  fibre,  which  is  then  ready  to  receive 
and  hold  the  required  dye. 

THB  USB  OF  MANGANESB  IN  COLORINa  GLASS,  POTTBRY,  BRICKS  ANI> 

OTHER  MATBRIALS. 

The  use  of  manganese  in  coloring  glass  has  already  been 
described  under  its  use  in  decolorizing  the  same  material. 
Pottery  and  earthenware  are  sometimes  colored  by  manganese  in 
a  similar  manner  to  glass.  A  jet  black  can  be  given  to  door 
knobs  t  by  manganese  oxide;  and  other  colors  are  produced 
in  the  glaze  of  pottery.  The  pottery  known  as  Rockingham- 
ware  is  colored  a  deep  brown  or  almost  black  by  adding  man- 
ganese to  the  glaze,  t  -^  lead -gray  tint  can  begotten  by  the  use 
of  manganese  alone,  and  variously  shaded  brown  colors  can  be- 
obtained  with  mixtures  of  manganese   and  iron. 

Wad  and  other  low  grade  earthy  manganese  ores  are  used  in 

^  Spon's  Encyclopedia  of  the  Industrial  Arts,  Manuiacturee  and  Commercial  Products^ 
DiTision  III.,  p.  852. 

t  Geological  Sarvey  of  Ohio,  Vol.  V.,  Economic  Geology,  p.  677. 

X  Geological  Survey  of  Ohio,  Economic  Geology,  Vol.  V.,  p.  682. 
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giving  a  rich,  dark,  chooolate-browQ  oolor  to  the  bricks,   and  in 
coloring  artificial  brownstone. 

The  oxides  of  manganese  are  also  used  for  coloring  mottled 
«oap. 

THB  USB  OF  MAKOANESB  IN  PAINTS. 

The  manganese  ore  known  as  wad  is  used  in  its  crude  state 
-as  a  pigment,  varying  in  color  from  a  dark-chocolate  to  a  reddish- 
brown.  Manganese,  in  a  manufactured  form,  has  also  been  used 
for  paints  of  various  other  colors,  but  especially  green. 

Manganese  green — ^This  is  made  by  mixing  three  to  four 
parts  of  caustio  baryta,  moistened  with  water,  with  two  parts  of 
nitrate  of  baryta  and  two  parts  of  oxide  of  manganese,  placing  in 
ti  crucible,  previously  heated  to  dull  redness,  and  then  fusing. 
The  product  thus  obtained  is  poured  out,  pulverized,  digested  in 
boiling  water,  washed  in  cold  water  and  dried  in  an  atmosphere 
free  from  carbonic  acid.  *  This  material  is  a  barium  mangan- 
ate  and  has  been  recommended  for  use  in  place  of  the  color 
known  as  ''iScheele's  Green",  which  contains  arsenic  and  is  very 
poisonous.  ^'Nurenburg  Violet"  is  also  made  of  manganese  com- 
pounds. 

OTHER  USES  OF  MANGANESE  BESIDES  THOSE  DESCRIBED. 

Besides  the  various  uses  of  manganese  already  mentioned 
there  are  many  others,  which,  though  they  consume  insignificant 
-quantities  of  ore  are  very  neces^sary  for  medical,  chemical  and 
manufacturing  purposes.  Sulphate  of  manganese  is  frequently 
tised  in  medicine.  The  oxide,  sulphate,  chloride,  and  as  already 
stated,  the  manganates  and  permanganates,  as  well  as  other  salts 
of  manganese  serve  many  purposes  in  work  in  chemical  labora- 
tories and  in  small  quantities  in  various  arts  other  than  those  al- 
ready mentioned. 

The  finer  varieties  of  rhodonite  or  silicate  of  manganese  are 
of  a  beautiful  pink  color  and  are  frequently  used  as  ornamental 
stones  or  cut  for  gems. 


<■  Spon,  loc  dt.,  Dirision  V.,  pa^  1549. 


CHAPTER  IV. 
THE  MANGANESE  INDUSTRY. 

HISTORY  OF  MANGANESE  MINING  IN  THE  UNITED  STATES 

AND  CANADA. 

General  StcUement. — Manganese  was  mined  in  the  United 
States  as  early  as  1837,  but  the  prodaotion  at  that  time  was  very 
insignificant^  and  it  was  not  until  1867  to  1869  that  any  sys- 
tematic attempts  were  made  to  work  the  American  ores.  In 
Oanada,  the  first  mining  was  done  in  1861,  and  the  largest  pro- 
duction, up  to  1888,  was  that  of  the  year  1880^  which  amounted 
to  2,179  short  tons.  The  production  of  the  United  StatcR,  even 
as  late  as  1880,  was  small,  amounting  in  that  year  to  about  5,761 
tons.  Since  1880,  however,  the  production  has  increaned  con- 
siderably, amounting  in  1888  to  29,198  tons.* 

In  the  United  States,  manganese  ores  have  been  mined  in 
Vermont,  New  Jersey,  Virginia,  Tennessee,  North  and  South 
Carolina,  Georgia,  Alabama,  Arkansas,  Colorado,  California, 
and  other  states  in  small  quantities.  Manganese  ores  exist  in 
Texas,  but  have  not  been  worked.  In  Canada,  manganese  has 
been  mined  for  many  years  in  the  Provinces  of  Nova  Scotia  and 
New  Brunswick,  with  smaller  quantities  in  Quebec. 

Of  all  these  localities,  the  only  ones  now  producing  mangan- 
•ese  as  a  regular  industry  are  New  Jersey,  Virginia,  Georgia, 
Arkansas,  Colorado,  California,  Nova  Scotia,  and  New  Bruns- 
wick.  Of  these,  Virginia,  Georgia  and  Arkansas  produce  over 
nine-tenths  of  the  total  output  of  North  America. 

*  The  figures  giveo  for  the  production  in  the  United  States  do  not  include  manganiferous 
Iron  ores  nor  the  manganiferous  silver  and  sine  ores. 
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Early  manganese  mining  in  the  United  Stales:  Tennessee^ 
1837;  Arkansas^  iibQ-b2. — The  first  manganese  ore  mined  in 
the  United  States^  so  far  as  the  writer  has  been  able  to  find  out^ 
was  obtained  near  Whitfield,  Hickman  County,  Tennessee,  in 
1837.  This  locality  was  worked  on  a  very  small  scale,  and 
limited  quantities  of  ore  have  been  taken  oat  at  various  times 
since  then  for  use  in  coloring  earthenware.  The  production 
has  always  been  very  insignificant  and  that  of  1885  was  only 
a  few  hundred  pounds.*  The  next  manganese  mining  on  record 
was  in  the  Batesville  region  of  Arkansas,  between  1850-52,. 
when  Col.  Matt.  Martin  shipped  small  quantities  of  ore  from 
that  locality.  Similar  limited  quantities  were  mined  occasion^ 
ally  for  some  thirty  years,  but  the  quantity  was  very  small,  and 
the  first  large  shipments  from  Arkansas  date  from  1881. 

Virginia,  1859. — In    1859  Mr.    Sibertf  prospected    and 
opened  up  several  localities  in  the  Valley  of  Virginia,  among 
which    were  the  Lyndhurst  and  the  Kennedy   mines.      Small 
quantities  of  ore  were  taken  out  but  work  seems  to  have  been  soon 
discontinued.     There  are  frequent  statements  of  so-called  "  large 
quantities  "  of  manganese  ore  having  been  mined  in  several  other 
places  in  Virginia  about  this  time,  but  it  seems   more  probable 
that  a  part  of  this,  at  least,  was  manganiferous  iron  ore,  and  that 
the  production  of  manganese  ore,   properly  so-called,  was  very 
limited. 

Up  to  this  time  the  small  amount  of  manganese  mined  in  the 
United  States  was  of  very  little  importance.  The  subject  had 
not  yet  attracted  general  interest,  as  the  demand  for  the  ore  in  thi& 
country  was  still  very  small ;  the  annual  consumption  probably  did 
not  exceed  a  few  hundred  tons,  and  this  was  largely  supplied 
from  European  sources.  Even  in  England,  the  consumption  was 
]imit»*d  and  Prof.  J.  D.  Whitney,J  writing  in  1854,  states  that 
Nassau  then  supplied  all  the  wants.  In  1852,  3,291  tons  were 
imported  into  Liverpool  from  that  locality  and  sold  at  8t 
sterling  per  ton. 

■»  Mineral  Resources  of  the  United  States,  1885,  pp.  344-845. 

t  Ibid,  p.  817. 

X  Mineral  Wealth  of  the  United  States  1864. 
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Vermont,  1859. — About  the  time  Sibert  was  prospecting  in 
Virginia,  or  possibly  a  little  earlier,  manganese  mining  began  in 
Vermont.  The  exact  year  that  work  was  commenced  is  uncer- 
tain, but  in  the  Geology  of  Vermont,  f  published  in  1861,  it 
is  stated  that  considerable  quantities  had  already  been  shipped 
to  England  from  Brandon  and  Chittenden  in  that  state.  The 
writer  is  informed  by  Dr.  Prime,  of  Brandon,  that  the  deposits 
of  that  neighborhood  were  worked  for  iron  ore  about  seventy- 
five  years  ago,  but  the  manganese  was  avoided,  as  it  was  thought, 
to  be  injurious  to  the  iron,  and  it  was  not  worked  until  .some- 
thing over  thirty  years  ago,  before  1860. 

Nova  Scotia  and  New  Brunswick,  1861-1890.— In  1862  the 
Tenny  Cape  Mine,  of  Nova  Scotia,  was  opened,  and  this  repre- 
sented the  first  systematic  work  done  on  Canadian  manganese^, 
though  small  quantities  had  been  obtained  in  1861.  About 
1864,  the  first  work  was  done  in  New  Brunswick,  at  the  Mark- 
hamville  mines,  under  the  management  of  Major  A.  Markham. 
Major  Markham  has  been  a  mont  active  worker  in  developing 
the  ores  of  that  region,  and  practically  the  whole  production  of 
New  Brunswick  manganese  now  comes  from  the  Markhamville 
mines.  Other  mines  in  Canada  have  since  been  opened  up  and 
worked  to  a  greater  or  less  extent,  such  as  at  Cheverie,  Walton, 
Loch  Lomond  (Cape  Breton),  and  elsewhere  in  Nova  Scotia  ;; 
Shepody  Mountain,  Jordan  Mountain,  and  Quaco  Head  and 
other  places  in  New  Brunswick. 

James  E.  Mills,  in  Virginia  and  elsewhere,  1867-1871. — 
Mr,  James  E.  Mills,  in  1867,  was  the  first  to  undertake  a  sys- 
tematic search  for  manganese  in  the  United  States.  In  the^ 
interests  of  a  firm  in  Newcastle,  England,  he  visited  many  local- 
ities in  New  England,  the  Middle  States,  the  Valley  of  Virginia 
and  elsewhere,  collecting  all  the  information  that  was  available 
on  the  subject.  This,  however,  was  very  small,  as  is  shown  by 
bis  statement  made  in  a  paper  written  in  1871,  in  which  he  says, 
''  The  consumption  of  manganese  in  this  country  is  quite  limited, 
and  it  is  perhaps  principally  on  this  account  that  so  little  is  known 

fE.  Hitchcock.  S.  Hitchcock,  Jr.,  A.  D.  Hag«r  and  C.  H.  Hitchcock,  published  b^ 
aathoritj  of  the  Stat«,  1861. 
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of  the  deposits  of  the  ore  on  our  own  territory,  the  greater  part 
of  the  little  oonsumed  being  imported  trom  Nova  Scotia  and 
elsewhere.  If  the  manafactare  of  bleaching  powder  were  under- 
taken, or  any  metallurgical  process  which  required  considerable 
quantities  of  the  binoxide  ot  manganese,  it  would  be  a  serious 
•question  where  to  obtain  it  cheaply  and  in  the  required  amounts." 
Mr.  Mills  early  predicted  the  value  of  the  Virginia  ores 
and  opened  up  the  Cabell  mine  in  the  valley  of  the  James  River, 
in  that  state.  He  mined  over  4,500  tons  of  manganese  ore, 
which  was  sent  to  England  for  use  in  the  manufacture  of  chlor- 
ine. This  use  at  that  time  represented  the  principal  consumption 
of  manganese,  and  as  nearly  all  of  the  chlorine  used  in  the  United 
States  was  made  in  England,  the  larger  part  of  the  manganese 
ore  was  sent  there.  A  very  pure  peroxide  or  pyrolusite  was  re- 
t][uired  for  this  purpose,  and,  as  the  pyrolusite  of  Virginia  was 
generally  associated  with  greater  or  less  quantities  of  other  oxides, 
the  production  of  that  state  was  not  large.  The  use  in  steel, 
however,  was  beginning  to  make  itself  more  strongly  felt  than 
in  former  years,  and  its  requirements  soon  began  to  reach  large 
proportions. 

Virginia^  Georgia  and  California^  1867. — The  year  1867 
^eems  to  have  marked  an  era  in  manganese  mining  in  the  United 
States.  Not  only  were  Mr.  Mills'  investigations  started  in 
that  year,  but  the  Crimora  mine  of  Virginia,  and  the  Dobbins 
mine  of  Georgia,  the  first  manganese  mine  in  that  state,  were 
-opened  shortly  afterward.  la  the  same  year  also  the  Old  Ladd 
mine  in  Corral  Hollow,  San  Joaquin  County,  California,  and 
Red  Bock  island  in  the  Bay  of  San  Francisco  were  worked  for 
the  first  time.  In  Georgia,  however,  about  550  tons  of  ore  are 
saia  to  have  been  mined  in  1866.* 

Orimora  mine^  Virginia,  1867-1&88. — The  Crimora  mine 
was  worked  by  a  stock  company  from  1867  until  1869,  when 
operations  were  suspended,  and  from  then  until  1882  only  oc- 
t^asional  small  quantities  of  ore  were  mined.  In  that  year  it 
was  leased  by  Jas.  B.  White  and  Company,  of  Pittsburg,  and 
operation  on  a  large  scale  were  begun.     It  is  now  operated  by 

■»  Mineral  Resources  of  the  Uoited  States,  1885,  p.  829. 
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the  American   Mangaaede    Company.     It  has  produced  more 
manganese  thaa  any  other  mine  in  the  United  States,  and  ita 
total   production    represents    the     larger  part    of  that  of   the 
whole  of  Virginia,  since  the  time  manganese  mining  was   begun 
in  that  state.     Up  to  December  31st,  1888,    the  total  output  of 
the  Crimora  mine  was  about  103,785  tons.* 

Virginia f  Georgia  and  other  Eastern  StaieSy  1867-1890. — 
In  both  Virginia  and  Georgia,  numerous  other  manganese  mines 
have  been  opened  since  1867,  such  as  the  Bagley,  Mt.  Athos^ 
Midvale,  Simpson,  Davis  and  other  localities  in  Virginia,  and 
the  Chumler  Hill,  Bishop,  Poorhouse,  Layton  and  Satterfield 
properties  in  the  Cartersville  region  of  Georgia ;  the  Banks,  Ware 
and  other  properties  in  the  Cave  Spring  region  of  Georgia,  and 
the  Tunnel  Hill  mine  in  the  extreme  northwest  corner  of  the> 
same  state.  Manganese  has  also  been  mined  in  Pennsylvania,, 
Maryland,  Tennessee,  North  and  South  Carolina,  and  Alabama,, 
but  the  production  has  been  very  small.  The  total  yearly  output  of 
Virginia  and  Georgia  has  grown  very  considerably  since  1867, 
but  the  production  of  individual  localities  has  been  very  irreg- 
ular, and  has  been  characterized  by  alternating,  spasmodic  in- 
creases and  decreases,  due  largely  to  the  uncertain  character  of 
the  deposits.  The  total  production  of  the  two  states  in'  1888 
was  23,214  tons. 

Califomiay  1867-1882. — The  first  manganese  mining  ia 
California,  as  already  slated;  was  done  in  1867  at  the  Old  Ladd 
mine  in  San  Joaquin  County,  and  on  Bed  Bock  island  in  th& 
Bay  of  San  Francisco.  The  Old  Ladd  mine  has  produced  most 
of  the  manganese  of  that  state.  It  was  opened  by  A.  S.  Ladd 
and  worked  by  him  until  1874,  during  which  time  he  shipped 
about  five  thousand  tons  of  ore.  This,  as  well  as  the  production 
of  Bed  Bock,  was  almost  all  sent  to  England.  There  appeara 
to  be  some  doubt  as  to  the  production  of  the  Bed  Bock  locality 
but  it  was  very  much  smaller  than  that  of  the  Old  Ladd  mine. 
It  is  stated  that  at  least  one  schooner  load,  and  probably  more,  had 
been  shipped  when  the  mining  was  stopped  by  the  government 
authorities,  who  wished  to  preserve  the  island  for  harbor   pur-i 

^Minenl  Resouroesof  the  United  States,  1888  p.  188. 
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poses.  Id  1874,  the  OM  Ladd  Mine  was  bought  by  Justiniaa 
Oaire,  of  San  Francisco.  About  1875  the  shipments  of  California 
ore  to  England  were  stopped  by  the  impossibility  of  compete 
ing  with  Spanish  manganese ;  and  since  then,  only  very  small 
quantities  have  been  produced  in  that  state.  Mr.  Caire  still  owns 
the  Old  Ladd  mine  and  maintains  a  small  annual  production  for 
use  in  his  chemical  manufactures  in  San  Francisco  and  to  supply 
the  limited  demand  of  California.  In  1882  work  was  started  on 
small  deposits  near  Saucelito,  Marin  county,  California,  in  the 
mountains  forming  the  northern  barrier  of  the  Golden  Gate  of 
the  Bay  of  San  Francisco.  The  production  was  used  as  a  flux 
in  a  smelter  at  Saucelito.  Only  small  quantities  were  mined, 
und  work  has  since  been  abandoned.  Manganese  ore  is  also  said 
to  have  been  mined  in  Santa  Clara  county,  California,  but  no 
<letails  are  available  and  no  work  is  being  done  now. 

ArkanaaSj  1850-1890. — In  the  meantime,  Arkansas  had 
-come  on  the  scene  as  a  considerable  producer  of  manganese  ore. 
As  already  stated.  Col.  Matt.  Martin  made  small  shipments  of 
manganese  from  the  Batesville  region  in  that  state  as  early  .as 
1850-1852,  but  the  quantity  mined  was  very  small.  The  first 
shipment  from  Arkansas,  for  use  in  the  manufacture  of  steel, 
was  made  by  Wm.  Einstein,  of  St.  Louis,  who,  in  1868,  sent 
about  ten  tons  to  Messrs.  Schoenberger  and  Company,  Juniata 
Iron  Works,  Pittsburg,  Pa.  Though  the  test  of  the  ore  is  said 
to  have  been  satisfactory,  shipments  were  not  continued ;  and  it 
was  not  until  1881,  when  Mr.  E.  H.  Woodward,  representing 
the  Ferro-Manganese  Company,  appeared  on  the  scene,  that 
Arkansas  became  a  regular  producer  of  the  ore.  Mr.  Woodward 
bad  already  had  large  experience  in  the  manganese  region  of  the 
Appalachian  Mountains,  and  was  one  of  the  first  to  open  up  the 
deposits  in  the  neighborhood  of  Carter.sville,  Giorgia.  In  Ar- 
kansas, he  worked  the  Southern  Hill,  the  Turner,  Trent,  Mont- 
gomery and  other  mines  in  the  Batesville  region,  and  is  said  to 
have  shipped  some  five  thousand  tons  of  manganese  up  to  1887. 

In  1885,  the  Keystone  Iron  and  Manganese  Company,  of 
Pennsylvania,  commenced  operations  on  the  Southern  Hill,  near 
Cushman,  in  the  Batesville  region,  and  at  once  became  the  largest 
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producers  of  maDgaaese  in  the  state.  Their  production  up  to 
December  Ist,  1890,  has  been  18,111  tons  of  ore.  In  the  same 
year,  1885,  The  St.  Louis  Manganese  Company  and  the  Mis- 
souri Furnace  Company,  both  of  St.  Louis,  Missouri,  acquired 
manganese  lands  in  the  Batesville  region.  Their  production  up 
to  September,  1890,  has  been  1700  tons  and  600  tons  respect- 
ively. 

In  1888,  Messrs.  Abbot  and  Ring,  of  Chicago,  carried  on 
operations  north  of  Batesville.     The  firm  was  later  changed  to 
Skinner  and  Abbot,  and  then  to  JohnB.  Skinner  and  Company. 
Their  production  from  June  20,  1889,  up  to  June  26,  1890,   was 
over  700  tons. 

The  Keystone  Iron  and  Manganese  Company,  and  John  B. 
Skinner  and  Company  are  now  (December  1st  1890)  the  prin- 
cipal operators  in  the  Batesville  region.  Other  companies^ 
as  well  as  numerous  private  individuals,  have  also  shipped  ore 
from  the  same  district,  and  further  details  are  given  in  the  de- 
fioription  of  the  Batesville  region.  The  total  production  of  this 
region  up  to  December  31st,  1890,  has  been  between  thirty  and 
thirty-five  thousand  tons,  and  probably  nearer  the  former 
figures. 

In  1888,  work  was  begun  by  the  Arkansas  Improvement 
Company  on  the  manganese  ores  of  Polk  and  Montgomery 
<K)unties,  in  south-western  Arkansas.  About  twenty  tons  are 
said  to  have  been  mined.  Work  was  discontinued  in  April,  1889. 
About  the  same  time  limited  mining  was  done  by  the  Capitol 
Land  and  Mining  Company  in  what  is  known  as  the  Fletcher 
.  Range,  in  Pulaski  county,  twelve  miles  west  of  the  city  of  Little 
Rock«  No  quantity  of  ore  was  shipped  and  operations  here  also 
have  been  abandoned. 

New  Jersey,  1870-1890 — Manganiferou?  zinc  ores  are  found 
at  Sterling  Hill  and  Franklin,  Sussex  county.  New  Jersey.  The 
residue  from  these  ores  after  the  extraction  of  the  zinc  was  used, 
in  1870,  in  the  manufacture  of  the  first  spiegeleisen  ever  made  in 
the  United  States.     It  is  still  used  for  the  same  purpose. 

Missouri — Manganese  and  manganiferous  iron  ores  are  found 
in  several  places   in  the   vicinity  of  Pilot  Knob  in  the  south- 
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eastern  part  of  Missouri  *,  and  have  been  worked  to  a  limited 
extent  in  Iron  couoty,  on  the  land  of  Mr.  Marble  at  the  Cul- 
bertson  Bank,  at  Buford  Mountain  and  elsewhere.  Manganese 
ore  has  also  been  found  near  Arcadia  in  the  same  county. 

Teosas. — In  Texas,  manganese  ore  has  been  found  in  Llano 
and  Mason  counties^  in  the  central  part  of  the  state,  but  it  is  still 
about  sixty  miles  from  a  railway  and  none  has  yet  been  shipped. 

Nevada. — In  Nevada,  manganese  has  been  found  near  Gol- 
conda,  on  the  Central  Pacific  Railroad,  in  the  valley  of  the 
Humboldt  River.  13|  tons  are  said  to  have  been  shipped  a  few 
years  ago  to  San  Francisco.  The  deposit  is  small  and  is  not 
worked  at  present. 

Colorado. — In  Colorado,  man^nese  has  been  found  in  sev- 
eral parts  of  Gunnison  county,  but  most  of  the  localities  are*  at 
present  too  far  from  railway  transportation  to  be  of  immediate 
value.  A  manganiferous  iron  ore,  however,  which  forms  the 
gangue  of  many  silver-bearing  veins  especially  of  the  Leadville 
district,  has  been  introduced,  in  the  last  few  years,  at  Pueblo, 
Colorado,  as  a  source  of  spiegeleisen  and  ferro-manganese.  It  is 
at  present  used  for  these  purposes  at  the  works  of  the  Colorado 
Coal  and  Iron  Company  at  that  place.  The  first  shipment  of 
this  ore,  to  points  east  of  the  Mississippi,  was  made  in  the  sum- 
mer of  1890,  when  506  tons  were  sent  to  the  Illinois  Steel 
Company,  of  Chicago. 

Montana  and  Arizona. — A  manganiferous  gangue  is  also 
found  with  the  silver  ores  at  Butte  City,  Montana;  at  Tombstone 
Arizona,  and  in  lesser  quantities  elsewhere  in  the  Rocky  Moun- 
tains and  the  West;  but  Colorado  is  the  only  place  in  that  region 
where  the  gangue  material  has  been  used  as  a  source  of  metallic 
manganese.  ' 

PEODUCriON  OP   MANGANESE  ORES  IN   THE  UNITED  STATES. 

In  the  annual  reports  of  the  Mineral  Resources  of  the 
United  States  those  ores  only  are  included  as  mangauese  ores 
which  contain  over  44^  per  cent  of  metallic  manganese.  Many 
manganiferous  iron  ores  are  found  containing  less  than    44^  per 

^  Raphael  Pampellj,  Oeological  Suirt 7  of  Missouri,  Iron  Ores  and  Coal  Fields,  1872. 
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cent  of  manganese,  but  these  are  grouped  as  a  separate  class. 
MaDganiferou9  silver  ores  are  also  classed  separately.  The  pro- 
duction in  tons  of  manganese  ores  proper,  as  thus  limited,  in  the 
United  States  from  1880  to  1888  was: 

Production  of  mangane%e   ores  in  the  C/nftcd  Sto^,  1880-1888,* 


STATE. 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

Virginia 

3,661 

3,295 
100 

1,200 
800 

2,982 
175 

1,000 
875 

5,855 
400 

400 

8,980 
800 

400 

18,745 

1,483 

2,580 

450 

20,567 

3,316 

6,041 

269 

19,835 

5,651 

9,024 

14 

17,646 

Arkansas 

4,812 

Georgia 

1,800 
300 

5,568 

other  SUtes 

1,672 

Total 

5,761 

4,895 

4,532 

6,155 

10,180 

23,258 

30,198 

84,524 

29,198 

The  production  of  manganese  ores  in  the  United  States 
previous  to  1880  is  very  uncertain,  but  the  following  table  will 
give  an  approximation: 


Prodiustion  of  manganese  ores  in  the  United  States j  1837-1879  .-f 


STATE. 

YEARS. 

TONS. 

Tinrinla 

1867  to  1879 

18,000. 
19,950. 
Probably  a  few  hundred  tons. 

Georgia. 

1866  to  1879 

Ar^niMft 

1838  to  1879 

Vermont 

? 

California 

1867  to  1875 

Probably  5,000  to  6,000. 
Very  little. 

other  States 

1887  to  1879 „.. 

The  total  production  of  the  United  States  from  1837  to 
1879  inclusive,  would  probably  not  amount  to  much,  if  any, 
over  fifty  thousand  tons.  Further  statistics  of  different 
states  and  of  individual  localities  are  given  under  the  descriptions 
of  those  places. 

*  Mineral  Resources  of  the  United  ^Utes,  1888,  p.  125. 

t  Compiled  from  the  Mineral  Resources  of  the  United  States  and  all  other  aTailsbltt. 
loarces  of  information. 

6  Geological,  Vol.  i.,  1890. 
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Prodiidion  of  manganese  ores  and  the  richer  of  the  manganifer^ 
OU8  iron  ores  in  the  United  States,  1888.* 


STATE. 


• 

a 

o 

«* 

■*» 

a 

•1 

a 

^1 

o 

°  a 

►  a 

0 

^M 

1 

a 

li  a 
►  o 

tfS. 

«» 


Virginia 

Hlohlgan 

Oeorgia „ 

ArkADMS 

■CRllfornla , 

Vermont. „„  ... 

North  Oarolina.... 
SoQth  Oarolina.... 

PennsjlTanU 

Nevada , 

Tenneeaee 

Total.. 


17,646 

1  171,848 

11^2 

87,000 

5.668 

88,126 

4^12 

88,582 

1,600 

t30,000  1 

1,000 

6,500 

60 

150 

50 

150 

22 

225 

20 

80 

16 

48 

41,746 

$  821,709 

19  74 
820 
6  85 

895 

20  00 

5  60 

8  OU 

3  00 
1  00 

4  00 
8  00 


I  7  70 


Of  the  above  production,  most  of  that  from  Virginia 
vf2L9  manganese  ore  proper,  though  a  small  part  of  it  was  man- 
ganiferous  iron  ore.  Of  the  Michigan  product  all  except  100 
tons  was  manganiferous  iron  ore,  containing  about  11  per  cent  of 
manganese.  The  100  tons  was  high  grade  manganese  ore.  All 
the  Michigan  production  came  from  the  Gogebic  range,  in  the 
Lake  Superior  region,  and  mostly  from  the  Colby  mine.  Most 
of  the  Georgia  production,  as  well  as  all  of  that  of  Arkansas  and 
California,  was  manganese  ore.  Most  of  that  from  Vermont 
was  manganiferous  iron  ore.  The  product  from  Pennsylvania 
is  said  to  have  been  classed  as  manganese  ore,  though  the  price 
quoted  would  suggest  a  low  grade  material.  The  product  from 
the  other  states  mentioned  is  said  to  have  been  more  or  less 
mixed  with  iron. 


*  Mineral  Resources  of  the  United  States,  1888,  p.  124. 
t  Value  at  Sao  Franci.sco. 
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PRODUCTION  OF    MANGANIFEROUS    IRON    ORES    IN    THE 

UNITED  STATES. 

Some  of  the  richer  maDganiferoas  iron  ores  are  iDcIaded  in 
the  manganese  productions  for  1888  given  in  the  above  table, 
and  are  mentioned  in  the  explanation  which  accompanies  it. 
Large  quantities  of  ore,  however,  are  mined  which  are  consider- 
ably lower  in  manganese.  The  principal  sources  of  them  is  the 
<jogebic  range,  Lake  Superior  region,  Michigan.  The  follow- 
ing table  gives  the  production  of  that  region.  *  Most  of.  the 
t>re  came  from  the  Colby  mine. 


Production  of  maaganiferous  iron  ores  in  Michigan,  1886-1888. 

1886 

1887 

1888 

Ore  oonUiniBg  between  10  and  11  per  cent  of  manganeee. 
t>re  oentalning  between  2  and  4  per  cent  of  manganete 

10,000 
200,000 

t  11.462 

267,000 

1     SA|-awa 

189,674 

Production  of  manganiferous  iron  ores  in  Virginia^  Georgia,  Ver- 
mont and  Maine,  1887. 


STATE. 


TONS. 


Virginia.. 
Georgia... 
Vermont. 
Maine 


1,025 

195 

481 

50 


In  1888  about  one  thousand  tons  of  manganiferous  iron  ore 
^ere  produced  in  Vermont. 

PKODUCTION    OF    MANGANIFEROUS    SILVER     ORES     IN    THE 

UNITED  STATES. 

The  production  of  manganiferous  silver  ores  in  the  United 
States  is  derived  almost  entirely  from  the  Rocky  Mountain 
region,  with  small  quantities  from  elsewhere  in  the  western  states. 
These  ores  are  worked  for  the  silver  they  contain.  None  are 
tised  as  a  source  of  manganese  except  in  the  case  of  certain  mines 

*  Compiled  from  figures  given  io  the  Mineral  Resources  of  the  United  States  for  1886 
1887,  and  1888. 

t  The  Colby  mine  also  produced  one  hundred  tons  of  manganese  ore  proper,  which  is  not 
included  here,  but  is  represented  in  the  last  table. 


68 


AXNUAL  BEPOiET  STATE  OBOLOOIST. 


mt  Leadville  and  elsewhere  in  Colorado,  where   a  manganiferoaa 
iron  ore  f^gae  is  found  and  ushI  as  a  source  of  spiegeleisen, 

Prodwdian    and  value    of    manganijerous    silver    ares    in    the 

Rocky  Mountains,  1882-1888. 


YEAR,     i 


LOCAUTY 


TONS. 


1 


VALUE. 


1885,.... 

1886 

1887..... 
1888..... 


From  ModUba  alone 

From  the  whole  Boekj  Mountain  region ~... 

From  the  whole  Bockj  Mountain   region... 
From  the  whole  Rockj  3Coiiotain  refion 


SUMMARIZED   PRODUCTION.. 

Production  and  value  of  manganese  oreSj  manganiferous  iron 
ores  and  manganiferous  sUver  ores  in  the  United  Slates^ 
1886-1888.* 


1886 


KIND   OF  eilE. 


1887 


1888 


:    Pro- 
duction 


Valae. 


Pro- 
duction. 


Value. 


Pro- 
duction. 


Value. 


Manganeie  orat. ... 

Manganiferous  iron  ores.... 
Manganiferoot  eilrer  orea..... 
Total......... 


30,193 

257,003 

60,000 

8277,636 
732,450 
600,000 

34,524 

211,751 

60,000 

8333,844 
600.000 
600,000 

29,196 

202,182 

60,000 

347,193 

• 

81,610,066 

306,275 

81,533,644 

291,330 

t979,41d 
575,000 
600,000 

$1,454,416 


The  production  in  the  above  table  is  given  in  long  tons. 

EXPORTS  OF  MANGANESE  ORES  FROM  THE  UNITED  STATES. 

Twenty  years  ago,  a  considerable  portion  of  the  manganese 
production  of  the  United  States  was  shipped  to  England^ 
but  in  later  years  the  home  consumption  has  steadily  increased^ 
and  the  exports  have  correspondingly  decreased,  until  in  1888,  the 
records  of  imports  into  Great  Britain,  France,  Belgium,  and 
Germany,  as  given  in  the  Mineral  Uesources  of  the  United  States, 
for  1888,  show  no  mention  of  shipments  from  America. 


*  Compiled  from  ■tatistics  in  the  Mineral  Reeouroes  of  the  United  States  for  1886, 188T 
and  1888. 
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Valae  of  exports  of  manganese  ores  from  the  United  States  in 

certain  years  between  1869 — 1884.* 


Fiscal  Year  Ending  June  80. 


Value. 


Fiscal  Year  Eading  June  30. 


Value. 


1869. 
1870. 
1871. 
1873. 
1874. 


848,382  00 

56,125  00 

7,760  00 

41,075  00 

9,939  00 


1876 
1876 
1878 
1883 
1884 


$2,261  00 
1,030  00 
3,569  00 
6,165  00 
1,802  00 


IMPORTS  OF   MANGANESE  ORES   INTO  THE  UNITED  STATES. 

General  statement. — The  imports  of  most  foreiga  mangan- 
ese ore3|  especially  of  manganiferous  iron  ores,  are  often  obscured 
among  those  of  iron  ore.««,  so  that  accarate  statistics  are  difficult 
to  obtain.     A  general  summary,  however,  may  be  given. 

CTntil  the  last  three  or  four  years,  the  Canadian  minganese 
ores  and  the  Spanish  minganiferous  iron  ores  have  represented 
most  of  the  raw  manganese  materials  imported  into  the  United 
States,  though  large  quantities  of  manufactured  spiegeleisen  and 
ferro- manganese  have  been  imported  ever  since  their  use  in  steel 
was  introduced  in  this  country.!  Litely,  however,  importations  of 
manginese  ores  from  Cuba,  Chili  and  Russia,  as  well  as  cert&in 
quantities  from  Turkey  and  Greece,  have  commenced. 

Imports  from  Canada, — The  manganese  production  of  Canada 
comes  from  the  provinces  of  New  Brunswick  and  Nova  Scotia. 
It  is  almost  all  imported  into  the  United  States,  where  it  is 
osed  largely  in  glass-making,  in  electric  batteries,  as  a  dryer  in 
varnishes  and  in  various  other  minor  industries.  Only  small 
quantities  are  used  for  spiegeleisen  and  ferro-manganese,  and 
tiven  these  amounts  are  the  low  grade  ores.  The  high  grade 
Canadian  ore  brings  too  high  a  price  for  other  purposes  to  allow 
it  to  be  applied  to  these  uses.  The  production  of  Canadian 
manganese  is  given  later  in  this  chapter.  In  1888  it  was  1,182 
tons. 


o  Mineral  Beioaroes  of  tbe  United  Sutes,  1888-1884,  p.  697. 
t  See  imports  of  spiegeleisea  and  rerro-maaganesb,  on  page  28. 
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Imp^^Ufrom  £fpain.— Spanish  maDgaDiferoas  iron  ores  wer» 
nsed  in  the  manufaoture  of  spiegeleisen  as  early  aH  1875  at  the 
Cambria  Iron  Works,  Johnstown  Pa.,  and  the  Bethlehem  Iron 
Works,  Bethlehem,  Pa.  Large  quantities  of  ore  are  at  present 
imported  from  Spain  which  contain  from  5  to  12  or  16  per  cent 
of  manganese,  though  some  go  over  20  per  cent.  Spanish  orea 
from  Mazzarron  and  G-oraguel  are  considerably  used  for  admiz^ 
ture  with  other  ores. 

Imports  from  Ouba. — The  importations  of  manganese  or& 
from  Cuba  began  over  two  years  ago.  In  1888,  according  to  the^ 
Mineral  Resources  of  the  United  States  for  that  year,  1,581  tona 
were  imported.  This  was  consumed  by  Carnegie  Brothers  and 
Company  at  their  works  in  Bessemer,  Pa.  Since  that  time  the 
imports  from  Cuba  have  increased  very  much,  and  the  statistioa 
for  1890  will  show  an  importation  of  several  times  as  much  aa 
in  1888. 

Imports  from  Chili, — Until  lately  most  of  the  Chilian  man- 
ganese ore  has  been  exported  to  England,  but  during  the  past 
year  or  so   imports  into   the   United   States  have  commenced.. 
In  the  last  few  months  Carnegie  Brothers  and   Compiuy    have 
received  considerable  quantities  from  Chili. 

Imports  from  Russia. — The  Russian  ore  also,  until  lately^ 
has  gone  largely  to  England,  but  is  now  being  imported  into  the 
United  States  as  well.  Some  6,000  tons  of  Russian  manganese 
ore   were  imported    in   the   latter   half  of  1890. 

PRODUCTION  OF  MANGA.NE8E  ORES,  IN  AND  EXPORTS  FROM 

CANADA,    1861-1888. 

The  provinces  of  New  Brunswick  and  Nova  Scotia,  as  al- 
ready stated,  produce  practically  all  the  manganese  mined  ixk 
Canada.  The  total  production,  from  the  time  work  wa& 
first  commenced  in  1861  to  the  present  year  (1890),  has  probably 
been  less  than  fifty  thousand  tons.  In  former  times,  a  large  pari 
of  it  was  sent  to  England  ;  now  most  of  it  is  consumed  in  the 
United  States.  Only  very  little  manganese  is  consumed  in 
Canada  and  therefore  the  tables  of  exports  represent  very  closely 
those  of  production. 


THE  MANaANBSB  INDUSTRY. 


71 


Exports  of  manganese  ores  from  Canada,  1868-73.* 


FISCAL  YEAR. 

NOTl 

Scotia. 

New  BruDSirick. 

TOTAL. 

Tods. 

Value. 

Tons. 

Valoe. 

Tone. 

Value. 

1868 

156 
156 
1.256 
102 
181 

$4,700  00 
4,695  00 
4,102  00 
1,608  00 
4,605  00 

861 
882 
146 
951 
1,075 
888 

119,019  00 

6,174  00 

8,580  00 

8,180  00 

24,495  00 

17,171  00 

1,017 
488 
1,402 
1,056 
1,206 
888 

$28,719  00 

1869  . 

1870 

10,869  00 
7,682  OO 

1871 

1872 

9,788  00 
28,500  00 

1878 

17,171  00 

ToUl 

1,801 

819,110  00 

4,206 

$78,619  00 

6,007 

$97,729  00 

Exports  of  manganese  ores  from    Canada,  1873-86.* 


YEAR. 

NOVA  SOOTIA. 

NEW  BRUNSWICK. 

TOTAL. 

Tons. 

Value. 

Tons. 

Value. 

• 

Tons. 

Value. 

1878 

1,081 

776 

194 

391 

785 

620 

1,732 

2,100 

1,504 

771 

1,018 

469 

1,607 

1,877 

$20,192  00 

16,961  00 

5,814  00 

7,316  00 

12,210  00 

5,971  00 

20,016  00 

31.707  00 

22,532  00 

• 

14,227  00 

16.708  00 
9.085  00 

29,595  00 
27,484  00 

1,081 

782 

208 

412 

891 

626 

1.886 

2,179 

1,704 

894 

1,826 

608 

1,684 

(b)  1,818 

$20,192  00 

1874 

6 

$12  00 

200  00 

728  00 

3,699  00 

4,889  00 

7,420  00 

3.090  00 

18  022  00 

11,520  00 

8,6S5  00 

11,054  00 

5,054  00 

30,854  00 

16  973  00 

1875 

5,514  00 

1876 

21 
106 
106 
154 

79 
200 
123 
813 
181 

77 
(b)44l 

8,039  OO 

1877  (a) 

1878 

15,909  00 
10,860  OO 

1879^ 

27,436  OO 

1880 

34,797  OO 

1881 „ 

40,554  OO 

1888 

1886 

25,747  00 
25,848  00 
20,089  OO 
84,649  00 

1886 

58,888  00 

ToUl 

1,769 

$105,172  00 

14,270 

$2S9,268  00 

16,089 

$344,440  00 

« Eugene  Coste,  Statistical  Report  on  the  Production,  Value,  Exports  and  Imports  of 
Minerals  la  Cansda  during  the  Year  1886  and  Previous  Years,  p.  47;  Geological  and  Naturai 
History  Survey  of  Canada,  Alfred  R.  C.  Selwyn,  Director,  1887. 

(a)  2  tons,  valued  at  $6,  wsre  exported  from  Quebec  that  jear, 

(b)  250  tons  from  Com wallis  included  in  this  quantity  more  properly  ome  under  tb» 
heading  of  niineral  pigments. 
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Production  of  manganese  ores  in  Canada,  1887-1888.  * 


YEAR. 

NOVA  SCOTIA. 

NEW  BRUNSWICK. 

TOTAL. 

Tods. 

Tons. 

Tons. 

1887..„ 

691 
88 

939>^ 
1.094 

1,630K 
1,182 

Total 

779 

2,033>^ 

2,8l2>i 

In  1890  the  total  maganese  production  of  Canada  was  1,455 
tons,  valued  at  $32,737.t 

Production  of  manganese  in  Nova  Scotia,  1872-1890.  J 


YEAR. 

TONS. 

YEAR. 

T0N8. 

1872 

4a 

131 

1881 

231 

1873 

1882 

205 

1874 , - 

1883 

150 

1875 

' 

7 

16 

97 

127 

145 

223 

1884 

802 

1876 

1885 

353 

1877 

1886 

427 

1878 

1887 

691 

1879 

1888 

88 

1880.. r 

1889 - 

67 

- 

Total. 

■•••""'""'""■■'  ---•-•»-•  ----•■ 

3.300 

The  product  for  1890  will  probably  not  exceed  that  of  1889. 

The  production  from  the  time  Nova  Scotia  manganese  was 
first  worked  in  1861  until  1871,  inclusive,  is  quoted  in  the  Min- 
eral Resources  of  the  United  States  for  1888,  at  1,500  long  tons. 

«  The  sUtistics  for  Nova  Scotia  In  this  tabl«  have  been  kindly  furnished  the  Surrej  bf 
Mr.  E.  Gilpin,  Jr.,  Oonimiasioner  of  Mines  for  that  province.  Those  for  New  Brunswick  are 
taken  from  the  Mineral  Besouroee  of  the  United  States  for  1888. 

t  Engineering  and  Mining  Journal,  January  8, 1891,  p.  18 

X  These  statistics  have  been  kindly  fumishel  the  Surrey  by  Mr.  E.  Gilpin,  Jr.,  Oom* 
inissloner  of  Mines  for  Nova  Scotia. 
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Imports  of  manganese  ores  into  Canada.^ 


• 

PROVINCE. 

1885. 

1886. 

Pound*. 

Value. 

Pounds. 

Value. 

t>atario „.. 

20,158 

9648  00 

16,464 

$824  00 

Quebec '.. 

22,687 

1,123  00 

29,418 

1,580  00 

Nova  Scotia^ „ 

1,087 

76  00 

1,075 

75  Wi 

Uew  Brunswick 

950 

27  00 

Maniteba 

609 

26  00 

Total 

44,832 

t  1.874  00 

47,561 

S  2,455  00 

The  production  of  manganese  ores  in  the  world  in  ISSS.f 


COUNTRY. 


"Caucasus  (Russia).. 

United  SUtes 

•Chili.. 

France,  (1886) 

Sweden 

Portugal 

Spain 

Australia 

New  Zealand 

Turkey-....^ 


Long  Tons. 


48,653 

29,198 

24,746 

7,676 

6,089 

5.638 

2,830 

1,572 

787 

669 


COUNTRY. 


Greece. 

lUly,  (1887).- 

Cuba 

Nova  Scotia , 

New  Brunswick... 

Quebec 

Great  BriUio,  (1887). 

Bosnia 

Holland 

Other  countries 

ToUl „ 


Long  Tons. 

885 
1,652 
1,581 

106 
1,094 
3 
13,054 
4,000 
1,107 
3,114 


153,954 


From  the  above  table  it  will  be  seen  that  the  CTDited  States 
is  next  to  the  largest  producer  of  mangaoese  ore  in  the  world/ 
being  second  only  to  the  Caucasus  region  of  Russia.  It  will 
bIso  be  seen  that  the  Caucasus,  the  United  States  and  Chili  pro- 
duce by  far  the  larger  part  of  the  world's  output.  Their 
tiombined  production  in  1888  was  102,597  tons,  which  lacks  only 
thirty-nine  tons  of  being  two  thirds  of  the  total  production  of 
the  twenty  or  more  countries  represented  as  manganese  producers 
in  1888. 


*  Taken  from  the  statistical  report  of  Eugene  Ooste,  quoted  above, 
t  Mineral  resources  of  the  United  States,  1888,  p.  143. 
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Imports  of  manganese  ores  into  Great  Britain^  France,  Belgium. 

and  Germany^   1888.  * 


IMPOBTED  INTO. 


^jtrwi*  jrxHiiD— »«»»» >  «•«*•••••••••■••••••*•• 


Franoe..... 
Belgium .. 
Germany. 


Total. 


Long  Tom. 


74,906 
6,174 
1,946 
9,624 


92,649 


IMPORTED  FBOM. 


Caacasus,  (Ruaaia)^. 

ChlU 

Spain „... 

Portugal 

Turkey 

Italy 

Greece^ 

Sweden 

Australia 

New  Zealand 

Canada •  

Other  countries 

Total.. 


Long  Tona^ 


48,668 

24,746 

2,880 

5,68& 

669. 

88& 

6oa 

6,089. 

1,572 
787 
248^ 
582 


92,649 


By  comparing  this  table  with  the  preceding  one  it  will  be 
seen  that  England  is  the  largest  consumer  of  manganese  in  the 
world,  asing  not  only  its  own  prodaction,  but  also  74,906  tons, 
from  outside  sources;  that  the  United  States  is  not  only  the^ 
second  producer,  but  the  second  largest  consumer,  using  its  own 
production  as  well  as  that  of  Cuba  and  most  of  that  of  Canada. 


*  Mineral  Resources  of  the  United  States,  1888,  p.  143. 


CHAPTER  V. 
THE  ORES  OP  MANGANESE. 

MINERALOGICAL   FORMS  OF   MANGANESE. 

The  metal  manganese  occars  in  nature  in  a  great  number  of 
different  mineralogical  forms,  but  the  only  ones  that  are,  accord- 
ing to  present  standards,  applicable  to  any  considerable  extent 
in  the  arts,  are  the  oxides  and  the  carbonates.  The  latter,  though 
of  frequent  occurrence  in  small  amounts,  are  so  rarely  found  in 
large  quantities  in  America,  that  the  oxides  represent  practically 
all  the  ores  of  manganese  now  used  in  this  country.  Besides  these,, 
however,  numerous  other  manganese-bearing  minerals  are  found 
which,  either  on  account  of  their  chemical  composition^  or  their 
limited  quantity,  are  not  available  as  sources  of  manganese.  In 
some  special  cases,  where  such  minerals  are  worked  as  a  source 
of  other  metals,  their  residue  has  been  profitably  used  for  its 
contents  of  manganese.  This  is  the  case  with  the  zinc  ores  of 
northern  New  Jersey,  which  contain  a  considerable  percentage  of 
manganese,  and,  after  the  extraction  of  the  zinc,  the  residue  is 
used  in  the  manufacture  of  spiegeleisen. 

The  most  common  of  the  mangaQese-bearing  minerals,  with 
the  exception  of  the  oxides  and  the  carbonates,  contain  manganese 
in  the  form  of  silicates,  and  are  not  used  as  a  source  of  the  metal,  on 
account  of  their  high  percentage  of  silica.  In  some  of  these  com- 
pounds, manganese  is  the  only  metal,  but  in  most  of  them  it  is  as- 
sociated with  greater  or  less  quantities  of  iron  and  other  substances. 
The  simple  silicate  of  manganese,  known  as  rAo({oni^e(see  page  85),. 
is  the  most  abundant  of  this  class  of  minerals,  and  is  a  common 
constituent  of  crystalline  rocks.  Among  the  others,  containing^ 
manganese  in   greater  or  less  quantities,  may  be  mentioned  the 
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several  maDganiferoas  minerals  of  the  olivine  group,  such  as 
roepperitey  tephroite^  friedelite,  knebelitey  danalUef  and  helvite;  the 
maDgaDiferous  forms  of  augitCy  hornblende  and  garnet;  the  man- 
gaoiferous  form  of  magnesian  mica  known  as  manganophyllite ; 
the  manganiferous  epidote  known  as  piedmontUe;  the  mangan- 
iferoas  form  of  staurolUe,  and  the  manganiferous  minerals  in  the 
chlorite  group,  such  as  prochlorite  and  others ;  the  manganiferous 
pectolite  known  as  manganopectolite,  from  Magnet  Cove,  Arkan- 
sas, lately  described  by  Dr.  J.  Francis  Williams*;  the  alumina- 
iron-manganese-lime  silicate  known  as  ilvaite  or  lUvrite  and  the 
related  mineral  known  as  ardennite;  the  beryllium-manganese- 

lime  silicate,  known  an  trimeritey  found  in   Warmland,  Sweden 
-and  lately  described  by  Gust.  Flink.f 

Among  minerals  containing  manganese  in  other  forms  than 

as  oxides,  carbonates  or  silicates,  may   be  mentioned  the  mono- 

^nlphide  of  manganese,  alabandite  or  manganblende^  found  in 

some  of  the  silver  veins  in  the  Rocky  Mountains,  in  the  gold 

mines  of  Nagyag,  Transylvania,  and  elsewhere;  the  disulphide, 

haueritey  from  Kalinka,  Hungary;  the  sulphates,  fauaerite  ap- 

johnite  and  boyemanite;  the  arsenide,  kaneite,  found  in  Saxony; 

the  arsenate,  chondrarsenitejthe  compounds  of  manganese,  iron 

and  other  metals  with  phosphorus  in  the  form  of  triphylite,  lithio- 

j>hylite  and  hureaulUey  or  with  phosphorus  and  flourine   in  the 

form  of  tripUte  and  various  related  minerals;  the  compounds  of 

manganese  and  iron  with  tungsten  in  the  form  of  wolframitey  and 

the  compound  of  mmganese  alone  with  tungsten  in  the  form  of 

huebnerite ;  the  magnesia-manganese  borate,  known  as  pinacio' 

-liiey  from  Warmland,  Sweden,  lately  described  by  Gust.  Flink.J 
Numerous  other  instances  of  manganese-bearing  minerals  might 
be  cited, 1 1  but  those  given  are  sufficient  to  show  the  great 
variety  of  forms  under  which  the  metal  occurs,  and  though  many 
of  them  are  of  absolutely  no  value  as  sources  of  manganese, 

<>  ZeiUchriXt  f .  Kryitollographie  and  Mineralogio,  P.  Urotb,  Leipzig,  Nov.,  1890,  pp. 
•986-889. 

t  Ibid.  pp.  865-376. 

X  Ibid.  pp.  861-365. 

II  Others  are  mentioned  farther  on  in  thi9  chapter. 
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some  of  them  have  played  an  important  part,  in  the   origin  of 
the  useful  deposits  of  that  metal.  (See  final  chapter). 

THE   OXIDES   OF   MANGANESE. 

General  statement. — The  most  stable  condition  of  manganese 
in  nature  is  in  the  form  of  oxides,  and,  therefore,  when  any  of  the 
other  manganese  minerals  are  decomposed  by  the  influences  of 
surface  agencies,  they  all  tend,  sooner  or  later,  to  go  into  that 
form.  As  a  direct  result  of  this,  the  oxides  are  the  most  plenti- 
ful  of  the  manganese  minerals.  They  occur  in  several  different 
forms,  varying  considerably  in  the  relative  proportions  of  man- 
ganese and  oxygen,  that  is,  in  the  degree  of  oxidation  of  the 
manganese,  and  in  the  nature  of  the  accompanying  chemically 
or  mechanically  combined  impurities.  The  most  important,  as 
regards  quantity  and  usefulness  in  the  arts,  are,  pyrobmie^ 
psilomelaney  braunite  dLud  manganite;  less  important  are  hatismann' 
ite  and  wad.  Other  oxides  are  polianiU  (see  pyrolusite),  pyro^ 
ohroitey  chaloophanite  and  the  deep-sea  nodules  known  as  pelagite. 

The  minerals  will  be  treated  in  the  order  named,  except  in 
the  case  of  the  somewhat  rare  polianite,  which,  on  account  of  its 
relation  to  pyrolusite,  is  described  with  that  mineral. 

Pyrolusite  or  black  oxide  of  manganese^  peroxide  of  man- 
ganese.— Pyrolusite  is  a  heavy,  highly  crystalline,  iron-black 
mineral,  very  soft,  and  often  easily  crushed  in  the  fingers,  caus- 
ing a  deep  black  stain.  It  has  a  hardness  of  2  to  2.5,  a  specific 
gravity  of  4.8,  and  a  black  streak.  It  belongs  to  the  ortho- 
rhombic  system  of  crystallization  and  occurs  in  more  or  lees 
modified  rectangular  prisms.  Sometimes  the  crystals  are  an 
inch  or  more  in  length,  fibrous  and  needle-shaped,  standing  up 
at  right  angles  to  the  base  on  which  they  rest,  but  more  gener- 
ally they  are  in  clusters,  radiating  more  or  less  regularly  from  a 
center;  at  others,  they  are  closely  compacted  into  a  solid  body, 
and  often  they  are  small  and  compose  a  brightly  glittering, 
granular  mass.  The  most  beautifully  crystallized  pyrolusite 
found  in  America  is  that  from  the  Tenny  Cape  mine,  in  Nova 
Scotia,  though  well  developed  forms  are  also  found  in  Virginia, 
Georgia  and  southwestern  Arkansas. 
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Iq  chemical  compositioD,  pyrolusite  is  a  peroxide  of  man- 
ganese,  having  the  formula  MuOj,  and  containing  68.2  per  cent 
of  manganese  and  36.8  per  cent  of  oxygen,  though  it  is  never 
found  in  nature  in  this  degree  of  purity.  Peroxide  of  man- 
ganese can  readily  be  made  to  give  up  a  part  of  its  oxygen,  and 
on  this  property,  as  has  been  explained  more  fully  in  chapter 
III.,  depends  its  value  in  the  manufacture  of  chlorine.  Its 
value  for  the  manufacture  of  spiegeleisen  and  ferro- manganese 
depends  on  its  metallic  contents.  The  name  pyrolusite  is  de- 
rived from  the  Greek  pur,  fire,  and  luo,  to  wash,  nnd  refers  to 
the  use  of  the  mineral  in  freeing  glass  from  the  green  color 
given  to  it  by  iron.     The  name  was  given  by  Haidinger  in  1827.* 

Pyrolusite  is  supposed  in  many  cases  to  be  a  product  of  the 
alteration  of  manganite,  as  is  mentioned  further  under  the  de- 
scription of  that  mineral.  The  mineral  varvacUe  is  an  impure 
pyrolusite. 

Polianite. — The  mineral  polianite  has  the  same  composition 
as  a  very  pure  pyrolusite,  consisting  of  almost  absolutely  pure 
peroxide  of  manganese.  It  was  first  described  and  named  by 
Breithauptf  in  1844,  but  its  independent  position  was  established 
beyond  all  doubt  by  Professors  Edward  8.  Dana  aud  Samuel  L. 
Penfield  in  1888.|  It  is  distinguished  from  pyrolusite  by  its 
very  much  greater  hardness,  which,  according  to  the  experi- 
ments of  Dana  and  Penfield,  is  6  to  6.6,  and  by  its  white  or 
light  steel  gray  color.  It  has  a  specific  gravity  of  4,992  (Dana 
and  Penfield),  which  is  a  little  greater  than  that  of  pyrolusite 
(4.8),  and  it  belongs  to  the  tetragonal  system  of  crystallization. 
It  is  considered  to  be  an  alteration  product  of  manganite,  and 
orystals  of  polianite  have  been  found  in  the  hollow  interiors  of 
altered  manganite  prisms. 

Polianite  occurs  in  too  small  quantities  to  be  of  any  com- 
mercial value  as  a  manganese  ore. 

Pailomelane. — This  is  a  heavy,  black,  steel-blue  or,  more 
rarely,   greenish-black  mineral,  very  hard,  and  occurring  in  a 


♦Trani.  Roy.  8oc.  Edinburgh,  Vol.  XI.,  1827,  p.  119. 

t  Pogg.  Ann.  Vol.  LXI,  1844,  p.  191. 

X  Amer.  Jour.  Sci.,  Vol.  CXXXV.,  1888,  pp.  243-247. 
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massive  form.  It  has  a  hardness  of  5  to  6,  a  speoifio  gravity  of  4 
to  4.4,  and  often  shows  a  well  developed  conchoidal  fracture. 
It  is  very  much  harder  than  pyroiusite,  bat  can  usually  be  faintly 
scratched  with  a  knife.  It  commonly  occurs  in  botryoidal^ 
mammillary  or  kidney-shaped  masses,  and  the  name  psilomelane 
refers  to  their  smooth  surfaces,  being  derived  from  the  Greek 
words  pailoSy  smooth,  and  melas,  black.  The  ore  on  a  fresh 
fracture,  often  shows  a  bright  steel-blue,  glossy  lustre. 

In  chemical  composition,  psilomelane  is  largely  a  peroxide 
t)f  manganese  with  variable  amounts  of  water,  potash  and  baryta. 
The  water  is  sometimes  absent  altogether,  and  at  others,  is  pres- 
ent to  the  extent  of  over  six  per  cent.  The  potash  is  equally 
variable,  and  sometimes  composes  over  four  per  cent  of  the  min- 
eral. The  baryta,  though  occasionally  absent,  is  generally  found 
in  greater  or  less  quantities,  varying  from  0.1 0  per  cent  to  over 
17  per  cent  of  the  mass.  By  some  mineralogists,  the  potash  and 
baryta  are  supposed  to  be  mechanical  admixtures,  and  by  others 
they  are  considered  to  be  in  chemical  combination,  forming  the 
base  of  a  compound  in  which  a  part  of  the  peroxide  of  manganese 
acts  as  the  acid.  It  is  very  difficult  to  determine  under  what 
tK)nditions  they  are  present,  as  psilomelane  occurs  in  the 
massive  form,  and  therefore  it  is  always  doubtful  whether  any 
fipecimen  is  a  perfectly  pure  sample  of  the  mineral.  The  con- 
tents of  manganese  vary  according  to  the  percentages  of  other 
ingredients,  and  range,  when  the  ore  is  pure,  from  forty-five  to 
sixty  per  cent. 

Psilomelane  is  one  of  the  most  abundant  of  the  manganese 
ores  found  in  nature,  and  it  occurs  to  a  greater  or  less  extent 
almost  everywhere  that  pyrolusite  is  found.  The  mode  of 
occurrence  of  psilomelane  and  pyrolusite  in  nature  leads  to 
the  belief  that,  in  some  cases  at  least,  the  two  minerals  are 
closely  related.  Both  frequently  form  part  of  the  same  mass, 
blending  into  each  other  without  any  sharp  line  of  separation, 
and  it  is  common  to  have  an  incrustatiou  of  crystals  of  pyrolu- 
site radiating  from  a  kernel  of  psilomelane,  or  else  similar  crys- 
tals lining  the  inteirior  of  a  geode  of  psilomelane.  Such  associ- 
ations are  frequently  seen  in  parts  of  Nova  Scotia  and  elsewhere. 
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Frequently  nests  of  solitary  crystals  of  pyrolusite  are  scattered 
through  the  pislomelane,  and,  in  fact,  wherever  the  two  minerals 
occur  together,  they  are  generally  associated  in  such  a  manner 
as  to  suggest  the  possible  derivation,  by  chemical  alteration,  of  the 
pyrolusite  from  the  psilomelane.  Another  fact  leading  to  the 
same  supposition,  is  that,  in  the  case  of  a  bedded  deposit,  it  often 
happens  that  the  greater  the  amount  of  chemical  action  which 
has  gone  on,  the  greater  is  the  proportion  of  pyrolusite  as  com- 
pared with  psilomelane.  Such  evidence  as  these  facts  afford^ 
however,  is  of  but  little  value  without  the  further  evidence  of 
mineralogical  investigation. 

Braunite, — This  is  a  heavy,  black,  or  brownish-black  mineral^ 
very  hard,  oocurring  in  both  the  massive  and  crystalline  forms^ 
with  a  dark  brown  streak  and  a  submetallic  lustre.  It  has  a  spe- 
cific gravity  of  4.8,  and  a  hardness  of  6-6.5,  being  often  too  hard 
to  be  scratched  with  a  knife.  When  crystallized,  it  belongs  to 
the  tetragonal  system,  and  frequently  occurs  in  the  form  of 
pyramids. 

In  chemical  comf)osition,  braunite  is  an  anhydrous  oxide^ 
generally  containing  silica,  sometimes  to  the  extent  of  over  8  per 
cent.  Professor  J.  D.  Dana,  in  his  System  of  Mineralogy,  fifth 
edition,  thinks  that  the  silica  is  in  chemical  combination  with  the 
oxide  of  manganese. 

Braunite  is  also  considered  by  some  mineralogists  to  be  some- 
times simply  an  anhydrous  sesquioxide  of  manganese,  having  the 
formula  MnjOj  and  containing  silica  as  a  mechanical  ad  mixture^ 
In  some  case?,  however,  the  silica  when  present,  is  undoubtedly  in 
chemical  combination  with  the  manganese.  This  has  been  clearly 
proved  by  the  late  investigation  of  pure  crystals  of  braunite,  by 
Dr.  S.  L.  Penfield.  Silica,  however,  is  not  invariably  present 
in  braunite,  and  samples  have  been  analyzed  which  were  almost 
entirely  free  from  it.*  When  pure,  braunite  contains  an  average 
of  sixty-nine  per  cent  of  metallic  manganese,  but  it  is  never  found 
in  this  degree  of  purity  in  nature. 

Manganite, — This  is  a  heavy,   black  mineral,   sofler  than 

*  For  a  further  discuMioa  of  braunite  see  the  desciiption  of  the  manganese  ores  of  th» 
BatesTille  region,  Arkansas,  in  chapter  VII. 
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brauDite,  but  harder  than  pyrolusite,  sometimes  massive,  some- 
times crystalliDP,  and  has  a  browa  or  black  streak.  Its  specific- 
gravity  is  4  3  to  4.4,  and  its  hardness  is  4  to  4.5.  It  is  easily 
scratched  with  a  knife.  It  belongs  to  the  orthorhombic  systen> 
of  crystallization,  and  frequently  occurs  in  strongly  striated 
prisms.  It  is  found  at  Tenny  Cape;  Cheverie,  Walton,  and  other 
places  in  Nova  Scotia,  and  at  Markhamville,  and  elsewhere  in 
New  Brunswick.  It  is  frequently  associated  with  pyrolusite  and 
psilomelane.  It  probably,  also,  occurs  among  some  of  the  ores 
of  Virginia,  Georgia  and  Arkansas. 

In  chemical  composition,  manganite  is  a  hydrous  sesquiox- 
ide  of  manganese,  having  the  formula  Mn203.H20  and  contain- 
ing 62.5  per  cent  of  manganese,  27.3  per  cent  of  oxygen,  and 
10.2  per  cent  of  water.  When  the  water  is  removed  from  man- 
ganite, it  changes  to  pyrolusite,  hausmannite  or  braunite,  and  in 
some  cases  these  minerals,  as  found  in  nature,  have  been  sup- 
posed to  be  altered  manganite.  This  is  especially  true  of  pyro- 
lusite, which,  in  many  cases,  is  a  pseudomorph  after  manganite* 
Crystallized  specimens  have  been  found  in  which  the  crystals  at. 
one  end  had  the  composition  of  manganite,  while  those  at  the 
other,  though  of  the  same  form^  were  composed  of  pyrolusite.. 
Consequently,  there  can  be  no  doubt  that  pyrolusite,  in  some 
cases,  has  been  derived  from  manganite,  but  whether  it  is^ 
always  derived  from  it  is,  as  yet,  in  doubt. 

Hausmannite. — This  is  a  heavy,  brownish-black  mineral,, 
massive  or  crystalline,  harder  than  manganite,  but  softer  than^ 
some  forms  of  braunite.  Its  specific  gravity  is  4.7  and  its  hard- 
ness 5  to  5.5.  It  can  be  faintly  scratched  with  a  knife.  It  be- 
longs to  the  tetragonal  system  of  crystallization,  and  is  sometimes*- 
found  in  the  form  of  pyramids.     It  is  rare. 

In  chemical  composition,  hausmannite  has   the  formula,  ac- 
cording to  Dana,  *  of  2Mn0.MnO2 .     When  pure    it  contains 
72.1  percent  of  manganese,  29,9  percent  of  oxygen,  though  it  is 
never  fpund  in   nature  in  this  state  of  purity.     A   zinc-bearing 
hausmannite,  known  as  heiearolite^  occurs  at  Sterling   Hill,  N.  J. 

^  Sjstemof  Mioeralcgy,  fifth  edltioD,  p.  162. 
6  Geological,  Vol.  I.»  1890. 
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Wady  or  bog  manganese. — This  is  a  low  grade,  light,  earthy^ 
brown  or  black  ore,  varying  from  a  soft,  loose,  porous  mass  to  a 
very  bard  variety,  which  can  hardly  be  scratched  with  a  knife. 
The  soft  variety,  however,  is  the  most  common  form.  It  is 
never  crystalline.  Its  hardness  is  from  1  to  6,  and  its  specific 
fijravity  from  3  to  4. 

The  chemical  composition  of  wad  is  very  variable.  It  is 
essentially  an  impure  peroxide  ot  manganese,  containing  from 
fifteen  to  forty-five  per  cent  of  the  metal,  mechanically  mixed 
\rith  di£ferent  quantities  of  other  ingredients.  It  contains  a 
greater  or  less  amount  of  sesquioxide  of  iron,  and,  in  fact,  is 
often  mixed  with  so  much  of  that  material  that  it  blends  iuto  a 
bog  iron  ore.  It  contains  a  very  variable  and  often  a  very  large 
quantity  of  water,  from  less  than  ten  per  cent  to  over  twenty- 
five  per  cent.  It  frequently  contains  cobalt,  and  sometimes 
nickel.  The  mineral  asbolite  is  a  wad  with  large  quantities  of 
oxide  of  cobalt,  sometimes  running  up  to  as  much  as  thirty-two 
per  cent.  The  common  wad,  however,  contains  much  less,  A 
■sample  from  Long  Gully,  near  Bungonia,  New  South  Wales, 
was  found  by  Dr.  Thomson*  to  contain  1.57  per  cent  of  cobalt, 
and  0.36  per  cent  of  nickel.  A  considerable  quantity  of  copper 
is  often  found  in  wad,  and  a  variety  containing  from  four  to 
eighteen  per  cent  is  known  as  lampadite  or  cupreous  manganese. 
Meissacherite  is  a  form  of  wad  containing  a  large  percentage  of 
water;  and  groroilite  is  another  name  for  ordinary  wad. 

Wad  sometimes  occurs  in  irregular  masses  in  clay,  and  some- 
times as  a  solid  bed,  often  several  feet  thick.  It  is  found  in 
connection  with  rocks  of  almost  all  geologic  ages,  but  is  usually 
a  secondary  product,  and  does  not  always  represent  a  material 
laid  down  in  its  present  form  at  the  time  of  the  deposition  of 
these  rocks.  This  is  especially  true  with  the  older  formations 
and  noticeably  so  with  crystalline  rocks,  where  wad  often  occu- 
pies hollows  and  basins  in  their  surfaces  and  has  come  from  the. 
disintegrating  of  either  some  of  the  other  oxide  ores  already  de- 
scribed, or,  more  generally,  of  the  various  silicates  of  manganese, 
and  occasionally  of  the  carbonate. 

«  Ure's  Diet.  Arts,  Manufactures  and  Mines,  Vol.  IV.,  Supplement,  1878. 
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Wad  is  too  low  grade  and  contains  too  many  injarious 
impurUies  to  be  used  as  a  source  of  manganese^  or  to  be  em- 
ployed in  the  manufacture  of  chlorine.  It  is  occasionally  used 
as  the  basis  of  a  black  or  brown  paint,  and  in  some  places  there 
is  a  considerable  local  consumption  of  it  for  this  purpose. 

The  black  arborescent  figures,  known  as  c?enc?rt^€8,  frequently 
seen  lining  the  sides  of  cracks,  joints  and  faults,  are  often,  or 
«ven  generally,  manganese  in  the  form  of  wad  or  some  other 
oxide.  Some  of  them,  however,  especially  the  brown  dendrites, 
are  formed  of  iron  oxides.  They  have  all  been  deposited  from 
waters  carrying  manganese  or  iron,  or  both,  in  solution,  and 
percolating  through  the  crevices  of  the  rock.  The  figures  in 
moss-agates  are  due  to  the  same  substances  occupying  a  moss- 
like form   instead  of  the  branching  form  observable  elsewhere. 

Pyrochroite. — This  is  a  white  mineral  having  the  composi- 
tion of  a  hydrous  protoxide  of  manganese  and  the  formula 
MnOjHj.  It  is  very  rare  and  is  not  found  in  quantities  sufficient 
to  be  of  any  commercial  importance.  It  occurs  at  Sterling  Hill 
and  Franklin,  New  Jersey,  and  in  Sweden. 

Chalcophanite, — This  is  a  hydrous  oxide  of  manganese  and 
zinc^  of  a  bluish-  or  iron- black  color  and  a  chocolate-brown 
streak.  It  occurs  in  rhombohedral  crystals,  and  in  stal- 
actiticand  plumose  masses.  It  is  about  as  hard  as  some  vari- 
eties of  pyrolusite,  being  rated  at  2,5.  It  is  supposed  to  be  the 
product  of  decomposition  of  the  mineral  franklinite,  2Lnd  is  found 
in  the  zinc  deposits  of  Sterling  Hill,  New  Jersey. 

Pelagiie. — This  is  the  name  given  to  the  manganese  nodules 
found  in  the  deep-sea  dredgings.  They  consist  of  a  mixture, 
probably  a  mechanical  one,  of  peroxide  of  manganese  and  ses- 
quioxide  of  iron,  with  silica,  alumina  and  water.  The  per- 
centage composition  is  approximately  as  follows  : 

Peroxide  of  manganese 40.00  per  cent. 

Sesquioxideof  iron 27.00   *'      '' 

Silica 14.00   "      '* 

Alumina : 4.00   "      ** 

Water  (at  red  heat) 13.00    "      " 

(  Water  below  100°  C.  24.5  per  cent.) 
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CARBONATES   OF   MANQANESE. 

Rhodochrositt. — The  simple  carbonate  of  maDganese  is  knowB 
as  rhodochroaite  or  diallogite^  Its  characteristic  color^  when 
freshly  broken,  is  pink  or  light  rose-red,  and  hence  the  name  rodo^ 
chrosite,  from  the  Greek  adjective,  rodochrooSy  meaning  rose-col- 
ored. This  color,  however,  fades  on  exposure  to  the  air  and 
becomes  white  or  buff,  and  in  cases  even  darker,  as  a  result  of  the 
partial  oxidation  of  the  mineral.  It  is  easily  scratched  with  a 
knife,  having  a  hardness  of  8.5  to  4.5.  It  has  a  specific  gravity  of 
3.4  to  3.7.  It  crystallizes  in  the  hexagonal  system,  and  is  often 
found  in  beautiful  pink  rhombohedrons. 

It  contains,  when  theoretically  pure,  88.6  per  cent  of  car- 
bonic acid,  and  61.4  percent  of  protoxide  of  manganese,  which 
is  equal  to  47.56  per  cent  of  metallic  manganese.  It  is  never» 
however,  found  in  nature  in  this  degree  of  purity. 

This  ore  is  very  generally  distributed,  but  is  usually  io 
small  quantities,  and  is  not  mined  as  a  source  of  manganese  any- 
where in  America,  It  is  found  in  many  of  the  silver  veins  iu 
the  Rocky  Mountains.  At  Butte  City,  Montana,  when  the 
water  level  of  the  country  is  reached,  a  mixture  of  carbonate  and 
silicate  of  manganese  often  forms  a  large  part  of  the  gangue  ma- 
terial. Above  the  water  level,  the  manganese  is  in  the  form  of 
oxides.  In  the  San  Juan  Mountains,  in  southwestern  ColoradO| 
beautiful  crystals  of  rhodochrosite  are  frequently  found.  Dr. 
T.  8.  Hunt  describes  carbonate  of  manganese  in  the  dolomites 
of  Eastern  Canada,  and  as  interbedded  lenticular  strata  asso- 
ciated with  silicate  of  manganese  in  the  crystalline  schists  of  New 
England.  It  is  also  described  by  Dr.  Hunt  in  slates  of  probably 
Silurian  age  at  Placentia  Bay,  Newfoundland.*  It  is  a  very 
common  ingredient  of  limestones  of  all  ages,  though  almost  aU 
ways  in  very  small  quantities.  As  will  be  shown  under  the 
discussion  of  the  origin  of  manganese  ores  in  the  final  chapter 
of  this  volume,  the  carbonate  is  probably  the  original  form  of 
many  of  the  oxide  ores  now  worked  as  a  source  of  manganese. 

Ankerite. — This  is  a  carbonate  of  lime,  magnesia  and  iron, 
frequently  containing  manganese. 

*  Amer.  Jour.  Sd.,  18&9»  Vol.  XXVIII.,  p.  374. 
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Manganooaldte, — This  is  a  lime-maDgaDese  carbonate  and 
much  rarer  than  the  simple  carbonate  of  manganese. 

SILICATES  OF   MANGANESE. 

Rhodonite. — The  simple  silicate  of  manganese  is  known  as 
rhodonite  or  manganese  spar.  Its  characteristic  color  is  flesh- 
red  or  pink,  and  hence  the  name*  rhodonite,  from  the  Greek 
rhodon,  a  rose.  Sometimes,  however,  when  impure,  it  is  yellow, 
brown,  or  even  green.  It  is  very  often  blackened  on  the  outside 
by  oxidation.  It  has  a  colorless  streak,  a  vitreous  lustre,  a  spe- 
cific gravity  3.4  to  3.7  and  is  transparent  to  opaque.  It  is  hard 
and  often  cannot  be  scratched  with  a  knife.  Its  hardness  is  5.6 
to  6.5.  It  belongs  to  the  triclinic  system  of  crystallization,  though 
it  is  usually  found  in  the  massive  form. 

In  chemical  composition,  rhodonite  has  the  formula,  when 
pure,  MnSiOs ,  containing  45.9  per  cent  of  silica,  and  54.1  per 
cent  of  protoxide  of  manganese,  equal  to  41.90  per  cent  of  metallic 
manganese. 

On  exposure  to  surface  influences,  rhodonite  becomes  ox- 
idized and  converted  into  one  or  more  of  the  black  oxides  already 
described.  Sometimes  this  alteration  has  penetrated  the  mass 
down  to  the  water  level  of  the  country,  where  usually  the  pure 
silicate  is  found.  Generally,  however,  the  change  is  much  more 
superficial,  and  the  oxidation  runs  down  into  the  deposit  along 
joint  cracks  and  fissures,  only  partially  altering  it  and  giving  it 
the  appearance  of  a  pink  or  brown  material,  cut  up  by  a  net- work 
of  intersecting  straight  or  irregular  black  lines.  From  this  the 
oxidation  increases  until  the  whole  mass  has  a  black  color, 
studded  here  and  there  with  lighter  colored  kernels  of  unaltered 
silicate,  and,  eventually,  even  these  disappear. 

Rhodonite  is  sometimes  found  in  considerable  quantities, 
but  is  not  used  as  a  source  of  manganese  on  account  of  its  very 
large  percentage  of  silica.  It  is  sometimes  used  in  the  glaze 
on  potUry,  and  to  give  a  violet  tint  to  glass.  Also,  the  pure, 
finely  colored  varieties  are  used  as  ornamental  stones,  and  are 
sometimes  cut  for  gems.     Its  consumption,  however,    is  small. 
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Rhodonite  frequently  occurs  with  the  carbonate  of  manganese 
at  the  localities  mentioned  under  that  heading.  It  is  a  common 
mineral  in  metamorphic  and  igneous  rocks,  sometimes  forming^ 
interbedded  lenticular  layers,  and  sometimes  occurring  in  veins. 
In  some  of  the  silver  veins  of  Butte  City,  Montana,  and  in  Colo* 
i*ado  and  other  places,  it  often  forms  a  large  proportion  of  the 
gangue  material.  It  is  also  found  in  many  parts  of  New  £n<» ' 
gland,  at  Plainfield  and  Cummington,  Mass.;  at  Blue  Hill^ 
Maine,  and  elsewhere.  It  is  a  very  frequent  accompaniment  of 
the  crystalline  rocks  of  Virginia,  North  Carolina  and  Georgia*. 

Bustamite. — This  is  a  silicate  of  manganese  containing  9  ta 
15  per  cent  of  lime,  which  replaces  part  of  the  manganese.  It 
often  contains  carbonate  of  lime,  and,  from  the  presence  of  this^ 
it  has  been  suggested  that  part  of  the  lime  replacing  the 
manganese  has  resulted  from  partial  alteration.  * 

Fowlerite, — This  is  a  zinc- bearing   rhodonite. 
Tephroite. — This  is  a  manganese  olivine,    having  the   formula 
Mn2  8i04  .      It  occurs   at  Sterling  Hill,  New   Jersey.     Other 
silicates  have  already  been  mentioned  on  page  76. 

CLASSIFICATION  OF  ORES  CONTAINING  MANGANESE. 

Intimate  association  of  oxides  of  manganese. — As  already 
stated,  the  oxides  are  the  only  ores  of  manganese  in  this  country^ 
so  far  as  yet  known,  which  are  commercially  important  as  a 
source  of  the  metal.  These  are  rarely  found  singly,  being  al* 
most  always  associated  with  greater  or  less  quantities  of  each 
other.  The  one  variety  blends  into  the  other,  and  it  is  often 
impossible  to  draw  any  sharp  line  of  separation  between  them. 
So  intimate  a  mixture  is  often  found,  that  it  is  difficult  to  decide^ 
without  a  very  careful  analysis,  to  which  variety  a  certain  ore 
should  be  assigned.  It  only  too  often  occurs  that  in  mentioning  ' 
manganese  ores,  the  names  of  the  various  oxides  are  most  indis- 
criminately applied  without  any  evidence  at  all  that  the  appella- 
tion is  properly  used.  The  most  marked  difference  in  the  general 
appearance  of  the  ores  is  their  crystalline  or  massive  character. 
Pyrolusite  is  always    crystalline,  and    psilom^lane  is  massive^ 

*  J.  D.  Dana,  System  of  Mineralogy,  fifth  edition,  p.  225. 
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while  brauDite  and  manganite  are  sometimes  crystalline  and 
sometimes  massive.  Therefore,  in  the  descriptions  of  different 
localities  given  in  future  chapters,  wherever  detailed  analyses 
are  not  obtainable  and  there  is  any  doubt  concerning  the  exact 
mineralogical  composition  of  an  ore,  it  is  referred  to  simply  as 
crystalline  or  massive^  af?  the  case  may  be,  the  former  including 
'pyrolusite  and  the  crystalline  forms  of  braunite  and  manganite, 
or  even  admixtures  of  two  or  more  of  the  three  forms;  the  latter 
including  psilomelane  and  the  massive  forms  of  braunite  and 
manganite,  or  admixtures  of  two  or  more  of  them. 

Manganese  with  iron,  silver  and  zinc. — Not  only  are  the 
oxides  of  manganese  mixed  with  each  other,  but  they  are  often 
associated  with  a  greater  or  less  quantity  of  oxide  of  iron,  form- 
ing a  ferruginous  manganese  ore;  or,  when  the  iron  predominates, 
a  manganiferous  iron  ore.  Sometimes  manganese  ores  contain 
considerable  quantities  of  silver,  and  are  more  valuable  for  their 
contents  of  that  metal  than  for  their  manganese  contents.  In 
some  places  also,  as  in  northern  New  Jersey,  manganiferous  zinc 
ores  occur,  which  are  valuable  for  both  their  zinc  and  manganese. 
These  varieties  of  manganiferous  ores  have  become  so  important 
in  the  United  States,  that  it  is  necessary  to  divide  manganese 
bearing  ores  into  four  classes,  differing  considerably  in  their  in- 
gredients and  in  the  uses  to  which  they  are  applied.  They  are^ 
manganese  ores  proper,  manganiferous  iron  ores,  manganiferous 
silver  ores  and  manganiferous  zinc  ores. 

MAGANESE  ORES  PROPE'it. 

These  have  already  been  described,  and  do  not  require 
further  mention.  As  already  stated,  they  consist  of  various  ox- 
ides of  the  metal  more  or  less  intimately  mixed,  and,  in  some 
rare  cases,  are  represented  by  carbonates. 

MANGANIFEROUS   IRON  ORES. 

Generally,  mansranese  ores  are  more  or  less  mixed  with  iron 
and  frequently  the  latter  increases  in  quautity  until  it  forms  the 
predominating  feature  of  the  ore,  at  times  almost  totally  replac- 
ing the  manganese.  Between  the  two  extremes  of  a  manganese 
ora  with  a  little  iron  and  an  iron  ore    with  a  little    manganese. 
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there  are  all  stages  of  admixture  of  the  two  materiulij.  The 
iron  in  manganiferous  iron  ore  may  be  in  almost  any  of  the  com- 
mon forms  of  iron  oren,  such  as  brown  hematite  and  other  forms 
of  limonite,  red  hematite,  specular  ore,  magnetic  ore,  and  spathic 
ore. 

Sometimes  the  iron  and  manganese  are  intimately  mized^ 
«o  that  they  have  the  appearance  of  a  homogeneous  mas**,  resem- 
bling an  iron  ore  when  the  iron  is  in  the  preponderance,  and  a 
manganese  ore  when  manganese  predominates.  In  such  cases  there 
appears  .to  be  no  tendency  to  combine  in  any  one  fixed  propor- 
tion. When  it  is  considered,  however,  that  both  the  iron  and  the 
manganese  in  many  deposits  of  manganiferous  iron  ore,  especially 
in  manganiferous  brown  hematites,  were,  probably,  originally  in 
the  form  of  carbonates,  and  that  carbonate  of  iron  and  of  man- 
ganese, being  isomorphous  substances,  can  replace  each  other  in 
•all  proportions,  the  variable  quantities  of  the  two  metals  in  the 
oxide  ores  that  have  been  derived  from  the  carbonates  is  not 
extraordinary.  At  other  times,  the  manganese  occurs  as  nests 
of  crystals  in  hematite,  or  as  nodules  of  massive,  hard  ore,  and 
also  as  inclusions  of  a  dull  black  or  brown  earthy  wad,  the 
latter  being  well  seen  in  some  of  the  brown  hematite  of  the 
Londonderry  mines,  Nova  Scotia.  In  Virginia,  very  common 
occurrences  are  interstratified  layers  of  hematite  and  manganese^ 
either  blending  into  each  other  or  separated  by  a  sharp  line  of 
demarcation.  In  such  cases,  the  iron  ore  is  always  in  the  larger 
quantities  and  the  more  continuous  deposits;  while  the  mangan- 
ese is  often  represented  by  thin  lenticular  beds,  disconnected 
pockets  or  irregularly  disseminated  nodules.  In  southwestern  Ar- 
kansas, a  st^lactitic  ore  is  found  in  which  the  interiors  of  the  stalac- 
tites are  hematite,  and  the  exteriors  are  massive  manganese  ore; 
also,  geodes,  with  an  outside  incrustation  of  brown  hematite  and 
an  inside  layer  of  manganese  ore,  are  found  in  parts  of  the  same  re- 
gion. Such  occurrences  may  be  due  to  the  different  character  of  the 
metalliferous  solution  which  affected  the  rocks  at  different  times; 
but,  as  is  shown  under  the] discussion  of  the  origin  of  manganese 
ores,  it  is  possibly  also  due,  in  some  cases,  to  the  different 
methods  of  solution  and  redeposition  of  the  two  metals. 


THE  OBES  OF  MANQANEBE.  89 

The  priDcipal  regions  where  the  manganiferous  iron  ores 
are  found,  are  in  the  Lake  Superior  region  of  Michigan  and 
Wisconsin,  and  in  smaller  quantities  in  Vermont,  New  Jersey, 
Pennsylvania,  Virginia,  Tennessee,  North  Carolina,  Georgia, 
A.labama  and  many  other  places.  Extensive  deposits  have  lately 
been  discovered  in  Gunnison  County,  Colorado.  The  Lake  Su- 
perior region,  however  is  the  principal  source  of  this  ore  at 
present,  especially  the  Colby  mine,  in  the  Gogebic  range, Mich- 
igan. This  mine  produces  nearly  all  that  is  mined  in  the  United 
States.  Statistics  o£  production  have  already  been  given  on 
page  67.  The  ore  is  a  red  hematite  containing  from  one  to 
thirty  three  per  cent  of  metallic  manganese.  The  latter 
amount  is,  however,  rare  in  this  region,  and  the  usual  quantity 
varies  from  two  to  four  per  cent,  though  11,562  tons  of  the 
1888  product  contained  eleven  per  cent.  The  manganifer- 
ous iron  ores  of  the  Appalachian  Mountains  are  usually  brown 
hematite,  though  sometimes  red  hematite  and  magnetic  varieties 
also  occur. 

No  sharp  line  of  division  can  be  drawn  between  mangan- 
ese ores  proper  and  manganiferous  iron  ore».  The  one  class 
blends  into  the  other,  and  any  division  must  be  arbitrary.  The 
iise  of  such  ores  for  the  manufacture  of  spiegeleisen  and  ferro- 
manganese  is  not  a  case,  such  as  the  chemical  uses  of  manganese, 
where  an  ore,  containing  under  a  certain  percentage  of  the  desired 
ingredient,  is  unmarketable.  On  the  contrary,  all  the  manganif- 
erous iron  ores,  free  from  deleterious  ingredients  find  a  ready 
market,  the  higher  grade  for  the  mianufacture  of  spiegeleisen  and 
ferro-manganese,  and  the  lower  grade  for  the  manufacture  of  low- 
manganese  pig  or  of  ordinary  pig  iron.  The  manganiferous  iron 
ores  low  in  manganese  are  sold  simply  as  iron  ores,  and  the 
'manganese  in  them  is  either  paid  for  at  the  same  rate  as  iron  or, 
when  under  certain  percentages,  is  not  paid  for  at  all. 

It  has  not  been  within  the  scope  of  time  and  means  available 
for  this  report,  to  make  a  thorough  investigation  of  manganifer- 
-ous  iron  ores  in  the  various  regions  of  the  United  States,  but 
•several  localities  that  have  been  visited  are  described  with  the 
•manganese  ores  of  various  states. 
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MANOANIFEROUS  SILVER  ORES. 

Manganiferoas  silver  ores  are  a  characteristic  feature  of  maDj^ 
of  the  metalliferous  veins  of  the  Rocky  MountaiDS,  especially  of 
Batte  City,  Montana;  Leadville,  Colorado;  and  Tombstone^. 
Arizona.  Above  the  water  level  of  the  country,  the  manganese 
usually  occurs  in  the  form  of  one  or  more  of  the  oxides  already 
described;  below  the  water  level,  the  oxides  very  often,  especially 
at  Butte  City,  pass  into  the  carbonate  (rhodochrosite)  and  the 
silicate  (rhodonite).  The  last  two  minerals  doubtless  represent 
the  original  condition  of  the  oxides,  which  have,  by  the  action 
of  surface  influences,  assumed  their  present  oxidized  condi- 
tion. 

The  various  forms  of  manganese,  in  manganiferous  silver 
ores,  are  associated  in  di6Ferent  places,    with   different   gangnes: 
sometimes  with  a  highly  siliceous  gangue  of  almost  pure  quartz, 
or  with  a  highly  calcareous  one;  sometimes  with  an  iron  ore,  form- 
ing a  manganiferous  iron  ore  gangue;  and  at  still  others  the  tnan- 
ganese  minerals  themselves  comprise   the  larger   part   of  the 
gangue.    At  Butte   City,    manganese    sometimes    forms  over 
fifty  per  cent  of  the  gangue,   and   from   this   it  decreases  to- 
less  than  twenty   per  cent.     At  Leadville,  the   manganese  and 
iron  often  form  almost  the  whole  gangue,   and   the  analysis   of 
seventeen  samples  of  this  used  at  the  Colorado  Coal  and  Iron^ 
Company's  works  as  a  source  of  speigeleisen,  show   9.8  to   over 
51  per  cent  of  manganese,  and  from  1.88  to  over  48  per  cent   of 
iron.     At  Tombstone,  the   manganiferous    ores  contain   from 
ten  to  over  thirty  per  cent  of  manganese. 

In  these  manganiferous  gangue  materials,  the  silver  occurs, 
in  many  different  forms,  and  in  quantities  varying  from  so  small 
that  it  hardly  pays  to  work  them,  up  to  many  dollars  per  ton  in. 
value.  Sometimes  it  occurs  as  chloride,  and  at  other  times  as 
metallic  silver  or  as  argentiferous  zinc  blende,  and  also  in  other 
forms.  These  ores  also  frequently  contain  limited  quantities  of' 
gold,  lead,  copper,  antimony  and  other  metals. 

Very  feW  of  such  manganiferous  ores  are  used  as  a  source  of 
manganese,  since  their  silver  contents  are   more  valuable  than. 
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their  manganiferous  contents,  and,  as  they  cannot  be  used  as  a 
source  of  both  materials,  they  are,  of  course,  devoted  to  the  most 
profitable  purpose.  In  fact,  even  if  they  were  not  of  value  as  a 
source  of  silver  it  is  probably  in  very  few  cases  that  they 
are  in  sufficient  quantities  and  of  such  quality  as  to  be  useful  as 
a  source  of  manganese.  Leadville  and  a  few  other  places  ia 
Colorado  are  exceptions  to  this,  and  there  the  manganiferoua 
gangue  is  separated  from  the  silver  ores  and  shipped  for  the  man- 
ufacture of  speigeleibcn.  But,  though  elsdwhere  the  ore  is  not  used 
for  such  purposes,  the  manganese  oxides  in  it  are  of  value  in 
smelting  the  ore  for  its  silver,  as  they  play  the  part  of  iron  as  a 
fluxing  material.  The  manganese  is  paid  for  at  the  rate  of  ten 
cents  per  unit,  the  same  price  as  is*  paid  for  iron,  and  the  ores 
containing  it  are  valued  for  admixture  with  other  more  refractory 
ores. 

The  Rocky  Mountains  are  the  principal  region  of  mauganifer- 
ous  silver  ores  in  the  (Jnited  States,  but  these  ores  are  also  found 
in  Nevada  and  elsewhere.  In  fact,  silver  in*  very  small  quan- 
tities is  a  very  common  constituent  of  many  of  the  manganese 
oxides,  not  only  in  vein  deposits,  but  also  in  bedded  ores.  Thus» 
a  sample  of  minganese  ore  from  Tenney  Cape,  Nova  Scotia,  is 
said  by  Professor  H,  How  *  to  have  assayed  five  dollars  per  ton 
in  silver;  the  bedded  manganese  deposit  near  Golconda,  Nevada^ 
is  said  to  a6Ford  three  dollars  per  ton. in  silver,  and  the  ore  of  the 
Spiller  manganese  mine  in  Mason  county,  Texas,  was  once 
worked  as  a  source  of  the  same  metal. 

MANGANIFEROUS   ZINC  ORES. 

Manganese  is  a  common  accompaniment  of  the  zinc  ores  of 
Sterling  Hill  and  Franklin,  Su^ex  county,  New  Jersey.  The 
zinc  minerals  are  mostly  franklinite,  an  iron-manganese-zinc  ox- 
ide; zincite,  a  zinc  oxide  generally  containing  more  or  less  man- 
ganese; and  willemite,  a  silicate  of  zinc.  These  minerals  are 
associated  with  each  other  in  varying  proportions,  and  occur 
with  calcitein  a  white  crystalline  limestone.  In  the  same  region 
are  found  other  manganese-bearing  minerals  in  smaller  quantities^ 

*  LoodoD,  Edinburgh  and  Dublin  Phil.  Mag.,  March  1866. 
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ench  as  fowlerite,  a  ziociferouB  silicate  of  manganese;  tephroite> 
a  silicate  of  mangaaese;  roepperite,  aa  iruD-manganeoe-Einc  sil- 
icate; aad  cbalcopbaoite  (Sterling  Hill),  a  bydruua  oxide  of  man- 
-ganeee  aiid  zinc. 

The  ores  are  mined,  primarily,  as  a  source  of  rinc,  bn(,  after 
tbe  extraction  of  that  metal,  the  residuum,  known  as  "clinker", 
ia  used  in  tbe  manufacture  of  spiegeleisen.  The  crude  ore  is 
heated  in  a  furnace  and  the  zinc  is  volatilized  and  collected  in 
the  form  of  oxide.  The  percentage  of  manganeHe  in  tbe  residnam 
is  iacreased  over  that  in  the  ore  by  the  removal  of  tbe  zinc  and 
frequently  amounts  to  12  to  16  per  cent. 

The  composition  of  the  ore  and  of  the  residuum  are  given 
in  the  first  two  tables  below.'  Tbe  ores  as  mined,  however)  are 
'tnistures  in  varying  proportions  ofthe  minerals  mentioned alrave, 
mostly  franklinite,  zincite  and  willemite  with  caloite,  and  there- 
fore do  not  represent  tbe  composition  of  any  one  mineral. 
Analyses  which  do  show  such  compositions  arc,  therefore,  also 
given. 

Analyses  ofmanganiferoua  zinc  ores  of  New  Jersey* 
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Analyses  of  *' clinker'' from  manganiferous  zinc  ores  of  New  Jersey.^ 


Haaganese  protoxide  (MnO). 

Iron  aesqulozide  (FetOs) 

Alamina  (Al.O,) ^ 

Zinc  oxide  (ZaO) 

Lime(OaO) 

Magnesia  (MgO) , 

Silica  (SIO,) 

Phosphorus 


Metallic  manganese.. 

Metallic  iron 

Metallic  zinc 


17.83 
88.21 

2.25 
10.74 
11.96 

2.30 
19.97 
.087 


13.82 

28.26 

8.62 


16.22 

31.06 
6.86 
6.98 

10.78 
2.67 

25.02 


12.56 

21.74 

5.60 


15.66 

38.84 
8.24 
4.98 

11.04 
1.84 

23.47 


12.18 

28.69 

8.17 


18.90 

86.16 
6.94 
4.06 

11.81 
1.98 

18.14 


14  64 

25.80 

8.26 


21.08 
31.06 
5.98 
7.84 
7.60 
4.01 
21. 2». 


16.29 

21.74 

6.29 


Analyses  of  franklinite^  zincite^  and  willemite  from  New  Jersey. 


FRANKL1NITB. 

ZINCITB. 

WILLBMITS. 

1. 

2. 

8. 

t 

4. 

5. 

6. 

Manganese  sesquioxide  (HntOs) » 

11.99 

18.17 

j  12.00 1 

8.70 

2.66 

Manganese  protoxide  (MnO) 

9.22 

Iron  sesquioxide  (FetO») 

66.11 

68.88 

0.67 

Iron  protoxide  (FeO) 

tracA: 

Alamina  (AltOa) « 

0.73 
10.81 

Zinc  oxide  (ZnO) 

21.77 

88.00 

96.19 

71.88 

60.07 

Magnesia  (MgO) 

2.91 

Water  (H,0) 

• 

1.00 

Silica  (310,) 

0.13 

0.40 

25.00 

26  80 

Total 

100.00 

98.99 

100.00 

99.89 
.10 

99.66 

100.00 

Undecomposed  residue.. 

99.99 

Metallic  manganese 

8.34 
46.28 
17.46 

12.65 

48.22 

8.67 

8.62(7) 

2.58 

1.85 

0,47 

57.22 

7.14 

Metallic  iron 

trace. 

Metallic  zinc „ 

70.59 

77.16 

48.19^ 

(1.)  By  G.  J.  Dickrrson,  in  Rept.  on  New  Jersey  Zinc  Mines  by  C.  T.  Jackson. 

(2).  By  Abich,  Pogg.  Ann.,  Vol.  XXIII.,  p.  842. 

(8).  By  Berthier,  Annales  des  mines,  Vol.  IV.,  p.  488. 

(4).  By  Whitney,  Pogg.  Ann.,  Vol.  LXXL,  p.  169. 

(5).  By  Vaouxem  and  Keating,  Jour.  Acad.  Nat.  Scl.  Phlla.,  Vol.  IV.,  1824,  p.  8. 

(6).  By  Hermann,  Jour.  Prakt.  Chemie,  Vol.  XL. VII.,  p.  11. 

•  Quoted  in  the  Mineral  Resources  of  the  United  States,  1885,  p.  888,  Irea  Geo.  S.  Stone ». 
Engineer  New  Jersey  Zinc  Company. 
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MANGANESB  WITH   OOBALT  AND  NIOKBL. 

One  of  the  most  noticeable  features  of  maDgaDcse  oxides  is 
the  very  frequent  presence  in  them  of  small  quantities  of  cobalt. 
This  sometimes  exists  only 'as  a  trace^  and  from  that  increases  up 
to  several  per  cent,  but^  though  in  small  quantities,  it  is  remark- 
ably persistent  in  its  presence.  It  is  especially  characteristic  of 
wad,  and  often  occurs  in  it  in  larger  quantities  than  in  the  other 
ores  of  manganese.  (See  wad,  on  page  82.)  Wad  is  genertlly 
a  subaerial  deposit,  existing  near  the  source  of  supply  of  its 
metallic  constituents,  and  this  is  especially  true  in  regions  of 
crystalline  rocks.  In  such  a  deposit,  the  mineral  constituents 
cannot  have  come  from  any  great  diversity  of  sources,  and  it 
seems  likely  that  the  cobalt  had  its  origin  in  the  same  rocks  as 
the  manganese  ores.  Probably  the  cobalt  in  all  manganese  ores 
had  a  similar  origin,  and  its  excess  in  wad  over  other  ores,  may 
be  due  to  the  fact  that  the  latter  were  generally  deposited  at  a 
greater  distance  from  their  source  than  wad,  and,  therefore, 
there  was  a  better  opportunity  for  the  separation  of  the  two 
metals. 

Nickel  is  also  frequently  found  in  a  similar  manner  in 
manganese  ores,  but  it  is  usually  in  smaller  quantities  than 
cobalt,  and  is  not  so  constant  a  constituent  as  that  metal. 

MANGANESE   WITH   TUNGSTEN. 

Manganese  is  sometimes  associated  with  the  metal  tungsten. 
The  association  usually  occurs  in  the  form  of  wolframite,  which 
is  an  iron  and  manganese  tungstate;  or  of  huebnerite,  which  is 
an  exclusively  manganese  tungstate.  The  former  is  found  in  sev- 
eral places  in  New  England,  also  in  North  Carolina  and  Missouri. 
The  latter  occurs  in  the  Mammoth  District,  Nevada,  *  and  in 
the  Gagnon  silver  mine,  Butte  City,  Montana,  f  An  interesting 
occurrence  of  tungsten  has  also  been  found  in  samples  of 
manganese  ore  collected  by  the  writer  in  the  Pleistocene  shore 

♦AmerJour.  Sci.,  Vol.  XLIII.,  1867,  pp.  128-4. 

t  Richard  Pearce,  The  Association  of  Minerals  in  the  Gagnon  Vein,  Butte  City,  Men- 
tana.    Trans.  Amer.  Inst.  Mng.  Eng.,  XVI.,  1877-8,  p.  64. 
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tleposit  of  the  extinct  Lake  LahontaD,  in  Nevada,  described  by 
I.  C.  Bassell.'i'  The  ore  is  an  oxide  of  manganese,  containing 
«mall  quantities  of  iron,  magnesia,  baryta  and  other  constituents. 
An  analysis  by  R.  N.  Brackett,  chemist  of  this  Survey,  showed 
the  presence  of  2.78  per  cent  of  tungstic  acid,  which  may,  pos- 
sibly, be  in  combination  with  the  manganese,  or  with  that  and 
iron,  in  the  form  of  one  of  the  tungsten  minerals  already 
4aientioned. 

MANGANESE  WITH  BARIUM. 

Barium  is  an  ordinary  accompaniment  of  manganese  oxides. 
As  already  stated,  it  forms  a  characteristic  constituent  of  psilome- 
lane,  but  it  also  occurs  in  separate  masses  in  the  form  of  barite 
x>r  sulphate  of  barium,  with  this  ore  as  well  as  with  the  other 
fnanganese  oxides.  Such  occurrences  are  seen  at  several  places 
in  Hants  county,  Nova  Scotia;  in  ^northern  Georgia;  and  else- 
where. At  the  Satterfield  property,  in  Georgia,  nodules  of  barite 
•are  found  in  the  clay  bed  containing  the  manganese  ore ;  and  in 
the  Nova  Scotia  area  it  is  frequently  found  in  crystals  adhering 
to  masses  of  ore, 

MANGANESE   WITH   PHOSPHORUS. 

Phosphorus  is  a  very  common  constituent  of  manganese 
-oxides,  usually  existing  as  ouly  a  fraction  of  a  per  cent,  but 
sometimes  running  up  to  over  4  per  cent.  It  forms  the  most 
injurious  element  in  the  mauufacture  of  spiegeleisen  or  ferro- 
manganese,  as  ores  containing  even  two-tenths  of  one  per  cent 
of  it  are  looked  on  with  disfavor  by  manufacturers. 

MANGANESE  WITH   THE    RARER   METALS.      • 

Besides  the  materials  already  mentioned  as  being  found 
with  manganese  ores,  numerous  rarer  metals  sometimes  occur 
in  small  quantities,  such  as  yttrium,  thallium,  indium,  etc. 
In  fact,  though  the  number  of  large  constituents  of  manganese 

*  Geological  History  of  Lake  Lahontao,  a  Pleistoceoe  Lake  of  Northwestern  Nevada. 
JConograph  XI.,  U.  S.  Geological  Survey,  J.  W.  Powell,  Director,  1685. 
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oxides  are  few,  yet  when  the  ores  are  examined  in  their  minute 
details  the  number  is  very  large  and  the  composition  of  the  ores 
very  complicated.  This  is  shown  in  a  remarkable  manner  in 
the  following  two  analyses,  the  first  (1)  by  T.  L.  Phipson,  *  of  a 
specimen  from  an  unknown  locality,  the  second  (2)  by  Andrew  8. 
McCreath,  f  of  a  specimen  from  the  Crimora  manganese  mine, 
Virginia,! 

«  Chemical  News,  Juoe,  1876. 

t  Amer.  Inst.  Mog.  Eng.,  Vol.  XII.,  1888-84,  p.  22. 

m 

X  These  two  analyses  are  intended  to  show  the  chemical  nature  of  certain  manganete 
oxides  and  not  their  commercial  ralue  in  large  shipments.  Analyses  for  the  latter  porpose  art 
giren  in  the  succeeding  chapters,  in  the  descriptions  of  the  Ttrious  manganese  regions  of  the 
United  States  and  Canada. 
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Analyses  of  manganese  oxides. 


1. 

•   2. 

Manganese  peroxide 

Mansanic  oxide , 

72.17 
6.20 

81.708 

ManfEanese  protoxide 

7.28t 

Ferric  oxide. 

8.66 
0.90 
0.10 
trace 
0.04 

0.588 

• 

Alomioa 

0.896 

Yttrla 

Cobalt  oxide 

0.854 

Nickel  oxide 

0.096 

Zinc  oxide 

0.623  . 

0.14 
0.01 
0.09 
trace 
0.15 
distinct  trace 
4.01 
0.58 
0.24 

0.70 

trace 
2.02 
8.20 
0.35 

(  BiUoA  and  rook 
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MANGANESE  WITH   NITROGEN. 

M«  M.  Deville  and  Debray  *  have  shown  that  pyrolasite  or 
peroxide  of  maDganese  contains  many  soluble  salts^  and  that  the 
mineral,  as  it  occurs  in  nature,  has  really  a  very  complex  consti- 
tution. By  heating  a  sample  of  pyrolusite  from  Giessen,  they 
obtained  appreciable  quantities  of  nitrogen  in  the  oxygen  that 
was  evolved.  Both  Scheele  and  Berzelius  had  previously  ob« 
served  that  nitrous  vapors  were  given  off  in  the  process  of 
obtaining  oxygen  from  pyrolusite,  but  they  had  not  investigated 
the  matter,  as  did  Deville  and  Debray.  The  latter,  following  up 
their  observations  on  the  vapor  from  the  peroxide,  digested  a 
part  of  the  mineral  ia  distilled  water  and  obtained  a  solution  of 
sulphate  of  calcium,  chlorides  of  sodium,  calcium,  and  magnesium, 
and  nitrates  of  sodium  and  potassium.  The  presence  of  the 
nitrates  accounted  for  the  nitrogen  in  the  gases  that  were  derived 
^rom  the  mineral. 

Professor   H.  How  obtained  strong  acid  fumes  on  igniting 
manganese  from  the  Tenny  Cape  mine,  Nova  Scotia.f 


«  Comptes  Rendus  Acad.  Sci.,  Vol.  I.,  1860,  p.  868. 

t  Loddoo,  Edinburgh  and  Dublin  Phil.  Mag.,  Vol.  31,  p.  169. 


CHAPTER  VI. 
THE  BATESVILLE  REGION  OF  ARKANSAS. 

DISTBIBUTION   OF   MANGANESE   IN   ARKANSAS. 

Mangaoese  ores  occur  in  two  diflerent  parts  of  Arkansas, 
-one  in  the  Batesville  region,  mostly  in  Independence  and  Izard 
"Counties,  in  the  northeastern  part  of  the  state;  the  other  in  the 
southwestern  part  of  the  state,  in  the  region  extending  from 
Pulaski  county  on  the  east  to  Polk  county  and  the  Indian 
Territory  border  on  west.  In  the  former  region  considerable 
mining  has  been  done;  in  the  latter  the  amount  of  work  has  been 
limited.  The  two  regions  approach,  in  their  nearest  parts, 
ii^ithin  about  90  miles  of  each  other,  the  southern  extension  of 
the  Batesville  region  being  about  that  distance  northeast  of  the 
manganese  area  of  Pulaski  county,  while  it  is  over  150  miles 
northeast  of  the  manganese  area  of  Polk  county. 

The  ores  of  the  Batesville  region  occur  in  a  residual  clay, 
derived  from  the  decay  of  a  limestone  which  has  been  placed, 
<5hronologically,  by  Professor  Henry  S.  Williams,  in  a  position 
intermediate  between  the  Trenton  and  the  Niagara  horizons  of 
the  Silurian  section  of  New  York;  the  ores  of  southwestern 
Arkansas  occur  in  novaculite  (a  siliceous  rock)  which  is  in  all 
probability  of  Lower  Silurian  age,  but  of  somewhat  doubtful 
position  in  that  series.*  The  limestone  of  the  northern  part  of 
the  state  dips  in  gentle  monoclines  to  the  south  and  southwest^ 

*  Graptolft«s  collected  up  to  the  preeeot  time  (Januaiy,  1891),  bj  Mr.  L.  S.  Oriswold, 
of  this  Suryey,  in  rocks  associated  with  the  novaculite  hare  been  determined  bj  Professor 
Heory  S.  Williams  and  bj  Dr.  R.  R.  Gurley  as  mostly  of  Trenton  age,  though  those  from  oae 
localitj  were  determined  by  Dr.  Gurley  as  of  Caloiferous  age.  See  the  forthcoming  report  by 
Mr.  Griawold  on  the  novaculite  region,  Vol.  III.,  of  the  publications  of  this  Survey  for  18M. 
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the  Dovacalite  of  the  soathero  part  of  the  state  is  greatly 
disturbed  and  exists  in  a  series  of  east  and  west  folds.  Between 
the  two  areas,  there  is  a  great  series  of  Carboniferoas  and  Lower 
Carboniferous  rocks,  occupying  the  valley  of  the  Arkansas  River 
and  comprising  the  mass  of  the  Boston  Mountains  to  the  north. 
To  the  north  of  the  Batesville  region,  and  dipping  under  it,  is  a 
series  of  rocks  belonging  to  the  Calciferous  formation  of  the^ 
Lower  Silurian.  Both  manganese  regions  are  cut  off  on  the  east 
by  the  Tertiary,  Pleistocene  and  Recent  sediments  of  the^ 
Mississippi  valley. 

The  paleontology  of  the  manganese  regions  is  not  as  yet 
known  in  suflBcient  detail  to  attempt  to  trace  out  the  relations  of 
the  two  ore-bearing  horizons,  but  the  wide  lithologic  difference 
between  the  limestone  from  which  the  ore  is  derived  in  the 
northern  part  of  the  State,  and  the  novaculite,  composed  of 
almost  pure  silica,  which  contains  the  ore  in  the  southern  part  of 
the  state,  is  a  noteworthy  fact. 

The  manganese  ores  in  both  regions  are  in  the  forms  of  the^ 
various  oxides  of  the  metals.* 

PREVIOUS     GEOLOGIC    INVESTIGATIONS    IN    THE    BATESVILLB 

REGION. 

A  detailed  account  of  the  geologic  investigations  made  in 
Arkansas  previous  to  the  explorations  of  the  present  Survey, 
will  be  given  in  a  forthcoming  report  by  Dr.  J.  C.  Branner,. 
State  Geologist.  The  statements  made  below,  therefore,  are  in- 
tended only  as  a  brief  summary  of  the  principal  explorations  that 
have  heretofore  been  made  in  that  part  of  northeastern  Arkansas 
included  in  the  Batesville  manganese  region. 

Previous  to  the  present  investicralion  the  only  work  of  a 
geologic  nature  that  had  been  published  concerning  this  area 
was  that  of  Dr.  D.  D.  Owen,t  former  State  Geologist  of  Arkan- 
sas, and  his  assistant,  Edward  T.  Cox,  in  1858.  Analyses  and 
descriptions  of  the  manganese  ores  were  also  given  by  Dr.  Wm. 
Elderhorst,  chemist  of  the  Survey. 

*  For  further  details,  see  description  of  each  ri^on. 

t  First  Report  of  a  Geelogical  Beconnoiasance  of  the  Northern  Counties  of  Arkanau^ 
1857-18S8. 
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As  early  as  1834/0.  W.  Featherstonhaugh,*  United  States 
Geologist^  passed  from  Missouri  southward  through  what  was 
then  the  Territory  of  Arkaosas,  to  Texas.  His  course  from 
Missouri  lay  from  Wayne  county,  in  the  southeastern  part  of 
that  state,  across  the  St.  Francis  and  Black  Rivers  to  the  White 
River  valley,  and  thence  southwest  across  the  valley  of  the  Ar- 
kansas River.  He  describes  the  lead  and  zinc  ores  of  Missouri 
und  refers  to  the  occurrence  of  the  manganese  in  the  southeastern 
part  of  that  state.f  He  does  not,  however,  mention  the  existence 
t)f  manganese  in  northern  Arkansas  and  it  is  probable  that  his 
route  lead  him  through  the  country  immediately  east  of  the  part 
t)f  the  stnte  containing  those  orett.  At  that  early  date  the  exist- 
ence of  manganese  was  not  known  in  northern  Ackansas  and  the 
expedition  was  made  to  obtain  a  general  knowledge  of  the  nature 
of  the  region  and  not  to  attempt  any  detailed  investigations. 

Owen,  in  his  survey  already  referred  to,  described  the  oc- 
currence of  the  manganese  ore  in  several  localitit  s  on  Lafferty 
Creek  in  the  western  part  of  Independence  couniy^;|;  and  his 
assi^sant,  Edward  T.  Cox,  describes  the  ore  on  the  Cason  property, 
three  miles  north  of  Bate8ville.§  No  detailed  investigations, 
however,  were  made  on  the  subject.  Their  observations  were 
confined  to  a  cursory  examination  of  the  region,  such  as  was  un- 
avoidable in  the  general  recounoiosance  of  the  state  made  by  that 
Burvey.  This  kind  of  work  was  a  necessary  preliminary  to  a 
more  thorough  study  of  different  districts,  and  though  it  gave 
only  a  limited  amount  of  detail,  it  afiorded  a  general  idea  of  the 
different  parts  of  the  state. 

Owen  refers  the  manganese  ores  chiefly  to  the  ^^cavernous 
subcarboniferous  limestones,''  ||  but  the  investigations  of  the  pre- 
sent survey  have  shown  that  the  ores  occur  in  a  residual  clay 
derived  from  the  decay  of  a  Silurian  limestone.  This  formation 
contains  fossils  which  have  been  determined  by  Professor  Henry 

*  Geological  Report  of  an  Examinatiou  made  in  18S4  of  the  Elevated  Countrj  between 
the  Missouri  aod  Red  Rivers.    Washington,  1835. 

t  Ibid.,  p^ge  54. 

X  First  Report  of  a  Qeological  Recoanoissance  of  the  Northern  Counties  of  Arkansas, 
1857-1858,  p.  89. 

I  Ibid.,  p.  221. 

I  ibid.,  p.  136. 
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S.  Williams,  of  Cornell  IDniversity,  as  belooging  in  some  plaoea 
to  the  Trenton  and  in  others  to  the  Niagara  of  the  New  Tork 
section.  It  is  designated  in  the  present  report  as  the  St.  Clair 
limestone,  and  is  overlain  by  a  series  ef  cherts  and  lime- 
stones, designated  as  the  Boone  chert.  The  latter  formation 
was  also  included  by  Owen  in  his  Lower  Carboniferoaa 
series,  and  the  examination  of  the  fossils  from  it  by  Prof. 
Williams  has  corroborated  its  Lower  Carboniferous  age.  The 
chert  series  caps  the  St.  Clair  limestone  throughout  the  region  in 
question,  and  loose  fragments  of  it  usually  cover  the  slopes  of 
the  latter  formation.  The  St.  Clair  limestone  has  also,  in  man^r 
places  throughout  the  manganese  region,  been  very  extensively 
decayed  a^id  th^  overlying  chert  has  been  let  down  in  a  broken 
mass  on  top  of  the  residual  clay  and  ore,  often  completely 
obscuring  any  parts  of  the  original  limestone  that  may  have  been 
preserved.  Consequently,  the  fact  that  Owen  included  both  the 
chert  and  the  St.  Clair  limestone  together  as  Lower  Carbonifer- 
ous, is  probably  to  be  attributed  to  an  accidental  oversight  due 
to  his  hasty  trip.  Above  the  Boone  chert  are  a  series  of  shales^ 
sandstones  and  limestones,  including  the  Fayetteville  shales^ 
Batesville  sandstone  and  other  formations  mentioned  later  on  in 
this  chapter,  which  were  correctly  determined  by  Owen  as  Lower 
Carboniferous. 

Below  the  St.  Clair  limestone,  occurs  .a  massive  blue  lime« 
stone,  the  Izard  limestone  of  this  report,  which  was  also  included 
both  by  Owen  and  Cox  in  the  Lower  Carboniferous ;  but  its 
position  below  the  St.  Clair  limestone  now  makes  this  determin- 
ation untenable  and  proves  its  Silurian  age.  Well  preserved 
fossils  are  rare  in  this  formation,  and  to  this  is  probably  due  the 
determinations  of  Owen  and  Cox,  since,  in  an  examination  such 
as  they  made,  which  was  necessarily  of  a  hurried  and  general 
character,  they  were  compelled  to  draw  certain  conclusions  with- 
out the  assistance  of  local  details,  and  hence  the  possibility 
of  error.  Below  the  Izard  limestone,  Owen  describes  a  series  of  , 
magnesian  limestones,  sandstones,  *'calciferous  sandrocks''  and 
cherts,  which  were  determined  by  him  as  belonging  to  the  Lower 
Silurian.     This  correlation  has  been  corroborated  by  the   exam«* 
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inatioDs  of  Professor  ^eory  S.  Williams  who  has  since  identified 
Ihe  series  as  belonging  to  the  Calciferous  formation  of  the  Lower 
Silurian.*     (See  page  112) 

The  annual  reports  of  the  Mineral  Resources  of  the  United 
States  from  1883  up  to  the  present  time  have  given  statistics  of 
production  of  Batesville  manganese  ores  and  brief  accounts  of 
the  operations  of  the  various  companies.  The  first  of  these 
statements  was  written  by  Dr.  David  T.  Day  in  the  report  for 
1883-4,  and  since  then  they  have  been  written  by  Mr.  Jos.  D, 
Weeks. 

In  1886  Professor  F.  L.  Harvey,  of  the  Arkansas  Industrial 
University  at  Fayetteville,  published  a  pamphlet  entitled  The 
Minerals  and  Rocks  of  Arkansas.  In  it  he  states  the  existence 
of  pyrolusite,  braunite,  psilomelane  and  wad  in  Independence 
county,  but   gives  only  a  brief,  general  description  of  them. 

Beyond  the  work  already  mentioned,  little  or  no  further 
investigation  of  the  Batesville  region  has  been  published,  though 
many  short  accounts  of  the  manganese  ores  have  been  given  at 
different  times  in  various  periodicals  and  official  state  documents^ 
In  addition,  numerous  private  reports  on  various  prop'^rtiea 
have  been  made  to  mining  companies,  but  have  necessarily 
been  confined  in  their  circulation.  The  most  extended  of  these 
was  that  made  in  1885  by  Mr.  John  Fulton,  of  Johnstown,  Penn- 
sylvania, to  the  Keystone  Iron  and  Manganese  Company. 

THE    POSITION   OF    THE   BATESVILLE   REGION. 

The  manganese  region  of  northern  Arkansas,  as  shown  Id 
the  map  accompanying  this  volume,  lies  in  the  northeast  part  of 
the  state  and  in  the  valley  of  the  White  River.  It  occupies 
the  northwest  part  of  Independence,  the  southeast  part  of  Izard, 
and  the  eastern  corner  of  Stone  counties.  It  is  situated  from 
three  to  twelve  miles  north  and  northwest  of  the  town  of  Bates- 
ville, and  has  long  been  known  as  the  Batesville  region.  This 
nlime  is  retained  here  not  only  because  the  town  is  the  largest  in 
that  part  of  the  state,  but,  as  a  shipping  point  and  as  a  source  of 
supply,  it  has  long  been  identified  with  the  manganese  industry. 

*  Thli  sabject  is  discussed  in  full  in  the  report  of  Dr.  J.  C.  Branoer,  State  Geologist,  in 
Vol.  I.  of  the  reports  of  the  Surrej  for  1889. 
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The  mangaDese  area,  as  thus  defined,  is  about  seventeen 
miles  long  in  an  east  and  west  direction,  its  longest  axis  being  on 
the  line  between  townships  14  and  15  north.  It  is  7  to  9  miles 
wide  in  a  north  and  south  direction,  the  widest  part  being  along 
the  valley  of  Polk  Bayou.  These  boundaries  include  about  122 
square  milts.  It  is  not  to  be  inferred,  however,  that  manganese 
is  to  be  found  everywhere  in  this  area.  The  region  defined 
above  simply  represents  the  part  of  the  country  in  which  man- 
ganese occurs  at  varying  intervals.  The  ore  in  any  one  place 
mayor  may  not  be  in  paying  quantities,  as  will  be  hereafter 
explained. 

HISTORY   OP   MINING    IN   THE   BATESVILLE    REGION. 

The  existence  of  manganese  in  the  Batesville  region  has 
been  known  for  over  forty  years,  but  it  has  only  been  since  1881 
that  the  ore  has  been  mined  to  any  considerable  extent.  Col. 
Matt.  Martin,  of  Batesville,  wqs  the  first  to  discover  the  value 
of  this  ore,  and  between  1848  and  1850,  he  and  Mr.  M.  D.  Fields 
acquired  large  tracts  of  land  in  the  manganese  region.  This  was 
done  on  the  advice  of  Professor  Gerard  Troost,  who  was  then 
State  Geologist  of  Tennessee.  Col.  Martin  worked  some  of  these 
lands  to  a  limited  extent,  and  as  early  as  1850*  1852  shipped  small 
quantities  of  ore  to  Boston,  New  York  and  Philadelphia.  One 
shipment  is  also  said  to  have  been  made  to  Liverpool,  where  it 
was  used  at  the  chlorine  works  of  Charles  Tenoant,  in  Glasgow. 
At  this  early  date,  however,  there  were  no  railways  in  the  state 
and  the  ore  could  be  brought  to  market  only  by  hauling  in 
wagons  to  the  White  River  or  Black  River,  and  shipping  by 
barge  to  the  desired  destination.  The  ore  mined  by  Col.  Martin 
was  taken  to  New  Orleans  in  barges  and  shipped  thence  by  sea. 

For  over  twenty-five  years  after  Col.  Martin's  first  ship- 
ments, occadional  small  quantities  of  manganese  were  mined  in 
the  Batesville  region.  The  ore  shipped  during  this  period  was 
mostly,  if  not  altogether,  used  forchemicil  purposes  and  not  in  the 
manufacture  of  steel,  which  today  consumes  the  whule  production 
of  Arkansas.  A  few  hundred  tons  would  probably  include  the 
total  quantity  produced  up  to  1868.     In  that  year  Mr.  Wm.  Ein- 
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«teiD,  of  St.  Louis,  made  the  first  shipment  of  maoganese  from 
Arkansas  for  steel  purposes.  It  was  sent  to  Messrs.  Schoenberger 
and  Company,  Juniata  Iron  Works,  Pittsburg,  Pennsylvania. 
The  ore  was  shipped  by  barge  down  the  White  River,  thence  to 
the  Mississippi,  and  up  the  Ohio  to  its  destination.  The  total 
-quantity  amounted  to  ten  tons,  which  was  sold  at  Pittsburg  for 
^30.00  per  ton.  At  th  it  time,  however,  the  production  of  steel  in 
the  United  States  was  very  small  compared  with  its  present 
manufacture,  and  the  demand  for  manganese  was  correspondingly 
less  than  at  present. 

For  twelve  years  after  Mr.  Einstein's  shipment,  little  or  no 
mining  was  done  in  the  Batesville  region.  The  test  of  Mr.  Ein- 
stein's ore  is  said  to  have  proved  a  success,  but  the  compamtively 
«mall  demand  for  manganese  at  that  time  was  mostly  Supplied 
from  Virginia,  Georgia,  and  foreign  sources.  Moreover,  there 
was  still  no  means  of  railway  transportation  in  the  state,  and  it 
was  not  until  1871-1872,  when  the  St.  Louis,  Iron  Mountain 
and  Southern  Railway  was  extended  south  from  the  Missouri 
line  to  Little  Rock,  that  shipping  facilities  were  obtained.  Even 
then,  Newport  was  the  nearest  railway  point,  and  it  was  thirty- 
€ve  to  forty  miles  distant  from  the  manganese  region.  The  ore 
had  to  be  shipped  by  barge  to  that  place  and  there  transferred 
to  cars.  It  wus  not  until  1886,  when  the  Batesville  branch  line 
was  extended  to  the  manganese  region,  that  the  ore  could  be 
shipped  all  the  way  by  rail. 

In  1881,  Mr.  E.  H.  Woodward,  representing  the  Ferro-Man- 
ganese  Company,  started  operations  in  Arkansas.  Mr.  Wood- 
i^ard  had  already  become  identified  with  the  Georgia  manganese 
region,  and  was  well  known  in  all  the  other  manganese  localities  of 
the  Appalachian  Mountains.  He  bought  and  leased  tracts  of  land 
in  the  Batesville  region,  and  from  then  until  1887  mined  inter- 
mittently, shipping  altogether,  probably  about  five  thousand 
tons  or  more  of  ore.  A  large  part  of  this  camie  from  the  South- 
ern, the  Turner,  the  Trent,  and  the  Montgomery  mines. 

At  the  time  Mr.  Woodward  began  his  operations,  the  de- 
mand for  manganese  for  use  in  steel  was  rapidly  increasing,  and 
the  output  of  his  mines,  representing  as  itdid,  the  first  systematic 
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prodactioD  of  maDganese  in  the  Batesville  region,  found  a  read^ 
sale. 

In  October,  1886,  the  Keystone  Iron  and  Manganese 
Company,  of  Pennsylvania,  acquired  large  tracts  of  land  in  the 
Batesville  region.  They  commenced  operations  on  the  Southern 
Hill  and  have  worked  continuously  ever  since.  They  are  the 
largest  operators  in  the  region  and  have  probably  mined  over  a 
half  of  the  ore  that  has  been  shipped  from  Arkansas.  Their 
total  production,  since  they  commenced  work  until  December  31^ 
1890,  basbeen  18,111  tons. 

In  the  same  year  (1886)  the  St.  Louis  Manganese  Company^ 
of  St.  Louis,  Missouri,  was  organized  and  commenced  work  in 
the  region  north  of  Cushman,  and  elsewhere.  They  mined,  up  to 
September,  1890,  1,700  tons  of  ere.  About  the  same  time,  the 
Missouri  Furnace  Company,  of  St.  Louis,  acquired  manganese 
lands  in  the  Lafferty  Creek  district,  but  their  work  has  been 
limited.  The  total  output  up  to  September  1,  1890,  was  a  little 
over  600  tons.  Besides  these  companies,  others  commenced 
operations  at  or  near  the  same  time,  but  their  production  has 
been  small.  Amoug  them  were  the  American  Manganese 
Company,  the  White  River  Manganese  Company,  the  Arkansas 
Manganese  Company,  and  the  Blair  Mining  Company,  as  well 
as  others. 

The  extension,  in  1886,  of  the  Batesville  branch  of  the  St. 
Louis,  Iron  Mountain  and  Southern  Railway,  from  Newport*, 
through  Batesvrlle,  to  Cushman,  has  greatly  facilitated  the  trans- 
portation of  the  manganese  ores,  and  has  opened  up  mining  local- 
ities which  would  otherwise  have  been  inaccessible.  In  1888,. 
Messrs.  Abbot  and  Ring,  of  Chicago,  opened  up  properties  on 
Polk  Bayou.  Later,  the  firm  was  changed  to  Skinner  and  Ab- 
bot, and  in  1889  it  was  again  changed  to  John  B.  Skinner  and 
Company.  Mr.  Skinner  has  erected  a  large  washer  on  Sullivan 
Creek,  and  energetic  arrangements  are  now  being  made  for  the 
extensive  mining  and  treatment  of  the  manganese  ores  of  that 
part  of  the  Batesville  region.  The  production  of  these  firms 
from  April  20,  1889,  to  June  26,  1890,  was  over  seven  hundred 
tons. 
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Besides  the  compaoies  already  meotioned,  occasional  ship-^ 
meots  of  manganese  ore  have  been  made  by  private  individuals, 
among  whom  are  H.  M.  Hodge,  E.  R.  Case,  I.  N.  Reed, 
J.  P.  Montgomery,  John  W.  McDowell,  A.  A.  Steele,  Wm. 
Reves,  J.  B.  Gray,  Messrs.  Pritchett,  Russell,  Drake  and  others. 
These  shipments,  however,  were  small  and  a  few  thousand  tons, 
would  cover  the  aggregate  amount. 

Correct  figures  of  the  total  amount  of  manganese  mined  in 
the  Batesville  region  are  difficult  to  get,  except  since  the  time 
the  ore  has  been  shipped  by  rail.  The  records  of  the  ore  shipped 
by  barge  down  the  White  River,  before  the  railway  was  extended 
to  Batesville,  were  either  not  kept  at  all  or  have  been  lost.  It 
IS  probable,  however,  that  the  total  amount  of  manganese  ship- 
ped from  the  Batesville  region,  from  the  time  mining  was 
first  begun,  until  December  31,  1890,  does  not  exceed  85,000 
tons  and  is  between  that  and  30,000  tons.  This  production  is 
small  compared  with  that  of  Virginia  and  Georgia,  but  it  must 
be  remembered  that  the  latter  places  have  been  worked  for  a 
much  longer  time  than  the  Batesville  region,  that  over  nine 
tenths  of  this  production  was  mined  between  1881  and  1890,  and 
that  the  Batesville  region  has  only  in  the  last  four  years  (1886« 
1890)   had  suitable  railway  facilities. 

THE  TOPOGRAPHT  OF  THE  BATESVILLE  REGION. 

Prominent  Features, — The  prominent  topographic  features 
of  the  Batesville  manganese  region  and  the  surrounding  country^ 
are  the  Boston  Mountains,  forming  the  southern  barrier  of  the 
White  River  valley  and  running  northwest  and  southeast;  the 
rugged  chert  region  running  parallel  to  them  on  the  north  side 
of  the  river;  the  rolling  sandy  country  still  further  to  the  north  ; 
and  the  low  flat  woods  region,  which,  to  the  east,  cuts  off  the 
mountainous  and  hilly  areas  very  abruptly.  This  last  region 
extends  thence  seventy  miles  or  more  to  the  Mississippi,  and 
represents  the  westerly  extension  of  the  old  flood  plain  of  that 
river. 

Erosion. — The  topography  of  the  mountainous  area  is  most 
strikingly  dependent  on  the  geologic  structure  of  the  country 
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And  on  the  nature  of  the  different  rocks.  The  whole  ref^ion 
is  the  remnant  of  an  ancient  highland,  sloping  gently  to 
the  south  and  (Southwest,  at  angles  of  from  less  than  1°  to  3^, 
and  occasionally  dipping  off  in  steeper  monoclines  at  angles  ot  from 
10^  to  20°.  This  simple  topography  has,  however,  undergone 
great  change  under  the  denuding  influence  of  atmospheric  agen- 
cies. The  water  courses  have  cut  deep  channels,  which  have 
steadily  increased  in  number  and  size  as  the  surface  exposed  to 
erosion  has  increased,  and,  as  a  result,  the  steep  ravines  of  parts 
of  Polk  Bayou,  Salado  and  Lafferty  Creeks  and  numerous  smaller 
streams  have  been  formed,  besides  the  wider  channel  of  the 
upper  part  of  the  White  River.  Subterranean  erosion  has  also 
had  its  influence  in  the  configuration  of  the  country  :  the  lime- 
stones in  many  parts  of  the  region  have  been  honeycombed  by 
caverns  and  underground  water  courses,  and  in  places  the  grad- 
ual leaching  away  of  the  limestones  has  let  down  the  overlying 
and  less  easily  attacked  strata,  causing  a  characteristic  topography 
which  will  be  described  more  fully  in  the  succeeding  chapter. 

As  a  result  of  all  this  erosion,  the  region  uv>w  presents  a 
series  of  rugged  hills  rising  800  to  1000  feet  above  the  sea  level 
and  400  to  600  feet  above  the  surrounding  drainage,  at  times 
showing  gently  undulating  slopes,  at  others  rising  up  in  conical 
peaks,  or  forming  flat^topped  hills,  in  which  the  remains  of  the 
Ibrmer  continuous  table-land  structure  still  exist. 

Boston  Mountains, — The  Boston  Mountains  skirt  the  south 
side  ot  the  White  River,  and,  in  the  region  south  of  Batesville, 
rise  from  500  to  600  feet  above  its  waters.  Sometimes  they  abut 
directly  on  it,  forming  steep  bluffs  in  which  the  gently  dipping 
rocks  are  clearly  defined,  add  at  others  they  recede  from  it,  giv- 
ing room  for  small  areas  of  alluvium.  This  escarpment  repre- 
sents the  northern  face  ot  the  Boston  Mountains  and  is  the  mosi 
striking  feature  in  the  topography  of  the  country.  It  marks,  in 
a  general  way,  the  course  of  the  White  River  from  the  Missouri 
line,  in  Boone  county,  to  the  lowlands  of  the  Oil  Trough  Bottcim 
and  Newport.  South  from  their  north  face,  the  mountains  slope 
off  much  more  gently  in  a  high,  flat  country  forming  the  southern 
part  of  Independence  county.  \  ie  wing  the  B  )SCon  Mountains  from 
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tne  north,  they  loom  up  as  a  long,  flat-topped  range  of  remark- 
ably uniform  height  wooded  with  a  heavy  growth  of  oak  and 
pine. 

Chert  Region. — To  the  north  of  the  White  River,-  the  gen- 
eral level  of  the  country  gradually  rises  into  an  area  of  rugged 
chert-capped  hills  reaching  from  100  to  400  feet  above  the 
surrounding  drainage.  This  is  a  barren  region,  strewn  with 
loose  fragments  of  chert  and  characterized  by  a  very  abrupt  and 
angular  topography.  In  its  northern  part,  erosion  has  cut 
through  the  cher^,  and  the  underlying  limestones  and  sandstones 
have  been  exposed,  giving  rise  to  a  less  abrupt  topography,  and 
representing  the  region  where  manganese  occurs.  This  area  is 
characterized  by  long,  tortuous  ridges,  following  the  courses  of  the 
streams  and  by  rounded  knobs,  both  usually  capped  by  chert 
and  exposing  the  limestones  and  sandstones  on  their  lower  slopes.^ 
To  the  west,  the  chert-capped  hills  gradually  blend  into  the 
still  more  rugged  country  of  Marion  and  Baxter  counties;  to 
the  east,  they  are  abruptly  cut  off  by  the  low,  flat  area  of  the 
Black  River  bottom. 

Divide  of  the  White  and  Strawberry  Jiivers. — To  the  north  of 
the  chert  area,  the  general  level  of  the  country  still  continues  to  rise, 
though  the  region  is  not  so  rugged  as  that  to  the  south,  and,  there- 
fore, presents  a  less  imposing  appearance.  The  country  is  char- 
acterized by  undulating  hills  with  occasional  steeper  slopes,  and 
extends  thence  to  the  height  of  land  between  the  waters  of  the 
White  and  Strawberry  Rivers. 

RiverSj  springs  and  lakes, — The  whole  of  the  region  already 
described  is  well  watered  by  many  creeks,  all  draining  into 
the  White  River.  The  latter  is  navigable  up  to  Batesville  at 
almost  all  times  of  the  year,  and,  at  high  water,  it  can  be  navigated 
for  over  two  hundred  miles  above  that  town. 

Springs  are  very  numerous  in  the  limestone  region,  where 
they  gush  out  of  the  sides  of  the  hills,  often  in  sufficient  volume 
to  afford  water  power  for  grist-mills.  The  Big  Spring,  six  miles 
northwest  of  Batesville,  and  Luster's  Spring,  six  miles  west  of 
Batesville,  are  examples  of  such  water  powers.  Besides  these, 
many  smaller  springs  are   found,  such  as  Blowing  Cave  and 


110  ANNUAL  REPOBT  STATB  GBOLOOIBT. 

Phelps'  Springs^  near  Cusbman;  Cave  Spring,  on  Polk  Bayou;  and 
innumerable  otbers.  Lake8  are  nowhere  found  in  the  highland 
region^  but  in  the  lowlands  to  the  east,  deep  sloughs  are  nu- 
merous.   - 

STRUCTURE  OF  THE  BATE8VILLE   REGION. 

Monocline. — The  general  structure  of  the  Batesville  region 
is  that  of  abroad  monocline  dipping  at  low  angles,  averaging 
probably  less  than  one  degree,  to  the  south  and  southwest^  and 
finally  disappearing  under  the  Carboniferous  rocks  of  the  central 
part  of  the  state.  Locally,  the  rocks  often  assume  a  position  dif- 
ferent from  this  general  structure,  and  a  gentle  northeasterly  dip 
or  small,  low  anticlines  and  synclinesare  not  of  unfrequent  occur- 
rence. Such  disturbances,  however,  are  very  limited  in  their 
extent^  and  in  their  influence  on  the  general  features  of  the 
country.  Local  monoclines,  dipping  o£f  at  angles  of  from  6^  to 
20^,  to  the  south  are  of  frequent  occurrence,  and  are  often  per* 
sistent  for  considerable  distances  in  the  direction  of  the  strike  of 
the  rocks.  In  fact,  the  grand  monoclinal  structure  of  the  region 
may  be  said  to  be  made  up  of  these  local  monoclines  connected 
by  areas  of  more  gently  sloping  or  even  horizontal  strata. 

Faults. — Faults  have  been  observed  in  several  places  in  the 
region  under  discussion,  but  a  throw  greater  than  from  100  to 
250  feet  has  not  yet  been  observed.  A  line  of  weakness  appears 
to  exist  at  or  near  the  line  of  parting  between  the  Batesville 
sandstone  and  the  Boone  chert.  Sometimes  a  fault  occurs  at  this 
point,  and  at  other  times  there  is  an  abnormally  steep  dip  of  12^  to 
20°.  The  faults,  in  places,  blend  into  the  steep  dips,  and  the  latter 
seem  to  represent  simply  a  tendency  towards,  or  initial  stage  of 
the  former.  Sometimes,  as  on  the  lower  part  of  Polk  Bayou,  this 
line  of  weakness  is  represented  by  two  faults,  striking  at  low 
angles  to  each  other,  and  frequently  appearing  to  run  together 
again  a  short  distance  beyond. 

On  Polk  Bayou,  north  of  Batesville,  where  the  line  of  con- 
tact of  the  Batesville  sandstone  and  the  Boone  chert  crosses  the 
stream^  two  faults  are  observable,  about  a  half  a  mile  or  less 
apart  and  running,  probably,  in  a  general  east  and  west,  or  north- 
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^ast  and  southwest  direction.  In  the  more  southerly  one,  the 
level  of  the  top  of  the  Boone  chert  is  above  the  level  of  the  top 
of  the  Batesville  sandstone.  The  exact  amount  of  throw  here  is 
doubtful,  but  it  is  over  100  feet,  as  can  be  seen  in  the  bluflfs  of 
the  bayou.  In  the  second  fault,  which  is  to  the  north  of  this 
one,  the  central  part  of  the  St.  Clair  limestone  is  on  a  level  with 
the  base  of  the  Boone  chert.  The  amount  of  the  throw  here  is 
about  65  feet.  The  accompanying  figure  shows  the  relation  of 
these  faults. 


Figure  2.    Swtion  tkowtng  fault*  on  Polk  Bayou. 

A.  BatesTille  sandstone. 

B.  Boone  chert. 

0.    St.  Clair  limestone. 
O.    Izard  limpstone. 
E.    Saccharoldal  sandstone. 
Horizontal  scale:  1  iDoh— >^  mile,    vertical  scale  :  1  inch— 600  feet. 

At  the  Cason  manganese  mine,  a  little  over  a  mile  to  the 
northeast  of  the  Polk  Biyou  faulted  area,  there  is  another  fault, 
in  which  the  lower  part  of  the  St.  Clair  limestone  is  on  a  level 
with  the  top  of  the  Batesville  sandstone.  The  amount  of  throw 
here  is  over  200  feet  and,  probably,  not  less  than  250  feet.  The 
Cason  fault  runs  in  a  general  southwest  direction,  and  it 
seems  possible  that  it  is  the  continuation  of  one,  or  the  combi- 
nation of  both  of  the  Polk  Bayou  faults.  It  will  be  further 
mentioned  under  the  head  of  the  Cason  mine. 

To  the  east  and  west  of  the  faulted  areas  just  mentioned, 
the  line  of  weakness  has  not  yet  been  carefully  examined;  but 
steep  dips  and  areas  of  possible  faulting  have  been  seen  at  differ- 
ent points  along  it,  and  further- investigation  may  prove  it  to  be 
an  intermittent  series  of  steep  dips  occasionally  breaking  off  into 
local  faults.  It  is  especially  possible  that  faults,  like  those  just 
described,  may  occur  on  Lafferty  Creek,  near  its  mouth,  and  on  the 
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White  River,  between  Penter's  Bluff  and  the  month  of  Laffert^ 
Creek.  As  a  result  of  the  ejcistence  of  this  line  of  weakness,  the 
contact  of  the  Batesville  sandstone  and  the  underlying  shales  with 
the  Boone  chert,  is  often  marked  by  a  series  of  chert  ridges  run- 
ning parallel  to  the  direction  of  the  faults,  or  to  the  strike  of  the 
steep  dips,  and  rising  up  somewhat  abruptly  from  the  less  rugged 
area  of  the  sandstone  and  shalen. 

THE   AGE   OF   THE   BOCKS  OF   THE   BATESVn^LE   BEGION. 

The  rooks  of  the  Batesville  manganese  region  and  the  sur- 
rounding country  representformations  of  Silurian  and  Carbonifer- 
ous ages,  cut  off  abruptly  on  the  east  by  Teritary  and  Post- 
Teritary  deposits.  The  sequence  of  the  formations  of  the  Silurian 
and  Carboni  ferous  is  shown  in  the  accompanying  columnar  section  ^ 
The  paleontologic  determinations  on  which  the  divisions  in 
the  section  are  based  were  mad«^  by  Professor  Henry  S.  Williams, 
of  Cornell  Univergity,  and  are  given  in  detail  by  Dr.  J.  C 
Branner,  State  Geologist,  in  Vulume  I.  of  the  reports  of  the  Sur- 
vey for  1889. 

The  lowermost  rocks  found  in  the  region  are  a  great  series 
of  sandstones,  sandy  limestones  and  more  or  less  dolomitic  lime- 
stones, considered  by  Dr.  Williams  to  represent  the  Calciferous 
groyp  of  the  Lower  Silurian.  They  border  the  manganese 
region  on  the  north  and  extend  thence  into  the  extreme  northern 
part  of  the  state.  Above  them  is  a  massive  blue  limestone  reach- 
ing a  maximum  thickness,  in  the  manganese  region,  of  over  280 
feet,  and  designated  as  the  Izard  limestone.  It  is  extensively 
developed  to  the  south  of  the  area  of  the  Calciferous  rocks.  Im- 
mediately overlying  this,  is  a  bed  of  highly  crystalline  limestone, 
reaching  a  maximum  thickness  of  over  150  feet  and  designated 
as  the  St.  Clair  limestone.  This  formation  is  the  source  of  the 
manganese  ores  in  the  Batesville  region,  as  will  be  explained 
more  fully  in  chapter  VIII.,  and  is  extensively  developed  through- 
out the  manganese  area.  It  contains  a  fauna  which  has  been  deter- 
mined by  Dr.  Williams  as  belonging,  in  some  places,  to  the  upper 
part  of  the  Lower  Silurian  ao;e,  corresponding  to  the  Trenton 
limestone  of  the  New  York  section,  and   in  others  to  an   epoch 
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intermediate  between  the  Trenton  and  the  Niagara.  Fossils 
collected  on  Polk  Bayou,  four  miles  north  of  Batesville, 
have  been  determined  by  him  as  undoubted  Trenton  forms; 
while  fossils  from  St.  Clair  Springs,  eight  miles  northeast  of 
Batesville,  and  from  elsewhere  in  the  country  to  the  west,  are 
considered  by  him  to  be  intermediate  between  those  of  the 
Trenton  and  Niagara.  The  bed  appears  to  be  continuous,  and 
Dr.  Williams  places  it,  chronologically,  iu  the  latter  intermediate 
position. 

Overlying  this  Silurian  terrane,  is  a  bed  of  yellow,  brown 
or  ^ray  earthy  sandstone,  often  containing  green  or  black  shaly 
layers,  and  sometimes  merging  into  beds  of  the  same  material. 
It  is  frequently  much  stained  by  iron  and  sometimes  contains 
small  flat  ferruginous  concretions.  This  deposit  is  of  very  ir- 
regular distribution,  sometimes  being  entirely  absent  and  at 
other  times  reaching  a  thickness  of  thirty  or  forty  feet.  It  is  de- 
veloped on  a  much  larger  scale  in  Stone  county  and  the  country  to 
the  west,  than  in  the  Batesville  region,  and  is  described  under 
the  name  of  Sylaraore  sandstone,  by  Dr.  Bnnner  in  the  report 
referred  to,  and  by  Mr.  T.  C.  Hopkins.*  It  is  supposed  by  Dr. 
Williams  to  be  the  equivakuit  of  thi*  "Black  shale"  of  Tennessee 
and  elsewhere  in  the  Mississippi  basin  (See  Dr.  Branner's  report). 
It  will  be  further  mentioned  under  the  description  of  the  St. 
Clair  limestone. 

Above  this  formation  comes  a  series  of  Lower  Carboniferous 
rocks  capped  by  the  Millstone  grit.  They  aggregate,  including 
the  Millstone  grit,  probably  over  1,300  feet  and  compose  the 
Boston  Mountains,  f  ^s  well  as  part  of  the  country  lying  to  the 
north  of  the  mountains.  The  Lower  Carboniferous  rocks  are 
named  the  '^Mississippian  series"  by  Dr.  Williams,  and  are 
divided  by  him  into  three  groups,  which,  in  ascending  order, 
are  the  Chouteau,  the  Osage,  and  the  Genevieve  or  Boston. 
The    Chouteau,   as    thus    defined,    represents    the    lowermost 

<'  Report  on  Marbles  and  Other  LimeBtonei,  Vol.  IV.,  of  the  pablicatioDs  of  the  Surrej  for 
1890. 

t  Thrae  remarks  refer  only  to  the  eastern  part  of  the  Boston  Mountains,  extending  from 
the  eastern  borders  uf  Stooeand  Cleburne  counties  to  Oil  Trough  Bottom  and  the  lowlands  ot 
Newport 
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^roap  of  the  Mississippian,  and  is  not  developed,  so  far  as  yet 
knowQy  io  northern  Arkansas,  unless  it  be  by  the  Sylamore  sand- 
stone just  mentioned.  In  Missouri  it  includes  the  ''Chouteau 
limestone/'  the  ''Vermicular  sandstone  and  shales/'  and  the 
""lithographic  limestone".  The  overlying  Osage  group,  which 
includes  the  '^Burlington"  and  "£eokuk"  groups,  is  represented 
in  the  Batesville  region  by  the  Boone  chert,  the  Fayetteville 
«hale  and  the  Batesville  sandstone.  The  Boone  chert  is  the 
lowest  member  of  this  group,  and  includes  a  series  of  interbedded 
-cherts  and  limestones.  Dr.  Williams,*  in  speaking  of  the  age 
of  this  chert  horizon,  says,  "Stratigraphically,  it  appears  to  be 
the  equivalent  of  the  Tennessee  Siliceous  group,  and  of  the  En- 
crinital  and  Archimedes  limestones  of  the  Missouri  classification. 
Paleontologically,  it  includes  the  Burlington  limestone  of  Iowa, 
and  the  Lower  Archimedes  or  Keokuk  limestone  of  Hall." 

The  Boone  chert  comprises  the  broken  country  rising  up 
three  miles  north  of  Batesville  and  running  off  thence  west  and 
northwest  in  a  range  of  rugged  hills,  in  the  general  direction  of 
the  White  River.  Above  the  Boone  chert,  is  the  Fayetteville 
shale,  which  appears  on  the  surface  aloug  the  southern  border  of 
the  chert  area.  It  is  especially  well  developed  east  of  Batesville, 
io  Independence  county,  in  the  neighborhood  of  Moorefield  and 
Sulphur  Rock.  The  Batesville  sandstone,  which  forms  the 
tippermost  member  of  the  Osage  group,  extends  from  north  of 
Batesville  southward,  through  that  town,  across  the  White  River 
valley,  and  fioally  disappears  at  the  foot  of  the  Boston  Mountains 
under  the  members  of  the  Boston  group. 

The  Boston  group  includes  the  series  of  shales,  limestones 
and  sandstones  reaching  from  the  top  of  the  Batesville  sandstoue 
to  the  base  of  the  Millstone  grit,  and  representing  the  upper  part 
t>f  the  Lower  Garb  )niferous,  or  Mississippian  of  Dr.  Williams' 
classification.  The  name  Boston  group  has  been  applied  by  Dr. 
Branner  from  the  fact  that  these  formations  comprise  the  mass  of 
the  Boston  M<»un tains. 

It  is  not  within   the  scope   of  this  volume    to  treat    all    the 

*  See  report  bf  Dr.  J.  C.  Branner,  Stale  Geologis  r,  Volume  I.  of  the  publications  of  the 
Carrey  for  1889. 
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members  of  the  lar^e  series  of  Lower  Carbooiferous  and  Culcw 
ferous  rocks  of  the  Batesville  region  in  full,  but  only  to  the  ex-^ 
tent  to  which  they  are  connected  with  the  occurrence  of 
manganese  ores.  The  St.  Clair  limestone,  the  overlying^ 
Boone  chert,  and  the  underlying  Izard  limestone  are  inti- 
mately connected  with  the  occurrence  of  these  ores,  and 
and  will  be  treated  in  detail.  In  order,  however,  that  the  rela- 
tion of  these  formations  to  the  overlying  and  underlying  rocka 
may  be  better  understood,  a  short  summary  of  the  latter  will  be- 
g^ven  later  in  this  chapter.* 

THE   CALCIFEB0U8   FORMATION. 

Nature  of  the  Ccdciferous  rocks. — As  already  stated,  the- 
oldest  rocks  in  the  Batesville  region  are  a  large  series  of  sand-^ 
stones,  sandy  limestones  and  limestones  of  a  more  or  less  mag- 
nesian  nature.  Fossils  are  sometimes  found  in  the  limestones^ 
but  most  of  them  are  badly  preserved  and  generally  in  the  form 
of  calcite  casts.  The  rocks  are  supposed,  however,  by  Dr.  H,. 
S.  Williams  to  belong  to  the  Calci  ferous  formation  of  the  Lower 
Silurian,  and  are  designated  as  such  on  the  map  accompanying 
this  volume.  The  larger  part  of  them  remain  to  be  studied; 
only  the  upper  members  have  yet  been  carefully  examined, 
and  the  thickness  of  the  series  is,  as  yet,  undetermined.  Below 
them,  and  exposed  to  the  north  of  them,  is  a  series  of  rock& 
which,  according  to  the  observations  of  Dr.  J.  C.  Branner,  con- 
sist mostly  of  dolomites,  cherts  and  quartzites.  These  rua 
thence  northward  into  Missouri. 

The  Calciferous  series  consists  of  alternating  calcareous  and 
arenaceous  deposits,  varying  from  comparatively  pure  limestonea 
through  various  stages  of  sandiness  to  comparatively  pure  sand- 
stones. The  limestones  are  massive  and  vary  from  gray  to  brown 
in  color,  from  hard  to  soft  in  consistency,  and  are  generally 
more  or  less  magnesian.  The  sand  frequently  found  in  them  is 
in  the  form  of  transparent  grains,  varying  from  very  fine  to  oom- 

<»  For  farther  details  of  the  Lower  Carboniferous  rocks  of  northern  Arkansas,  Uie  reader- 
is  referred  to  the  report  of  Dr.  J.  C.  Branner,  State  Geologist,  in  Vol.  I.,  of  the  publicatUma  of 
the  Surrey  for  1889,  and  to  the  report  of  Professor  F.  W.  Simonds  on  Washington  coantj  Uk 
Vol.  IV.,  of  the  publications  of  1888. 
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paratively  coarse.  The  ^aDdstones  are  composed  of  white  or 
transparent  grains  varying  in  size  in  the  same  way  as  the  sand  in 
the  limestones.  Sometimes  these  beds  are  soft,  and  readily 
disintegrate,  on  exposure,  into  a  white  &aud.  At  other  times 
they  are  much  harder  and  gradually  merge  into  quartzite«  Fre- 
•quently  quartzite  (»ccurs  as  an  interst ratified  bed,  though 
elsewhere  it  is  found  in  irregular  masses,  enclosed  by  the  softer 
sandsitoue,  and  blending  into  it  both  laterally  and  vertically. 
Iron  pyrites  is  a  frequent  constituent  of  many  of  the  beds, 
and  the  brown  hematite  ores  of  the  country  about  Smithville 
and  Powhatan  belong  in  thf^  rocks  of  this  series. 

The  section  of  the  Southern  mine  welt. — At  the  Southern 
mine,  near  Cushman,  in  Independence  county,  the  lower  1,750 
feet  of  a  well  boring  2,040  feet  deep  passed  through  rocKs  of 
the  nature  described,*  but  did  not  reach  the  underlying  cherts* 
This  boring  gives  the  most  detailed  information,  as  regards  the 
sequence  of  the  strata  it  passed  through,  that  is  at  present  ob- 
tainable. Samples  were  saved  wherever  the  nature  of  the  rock 
changed  during  the  boring  and  were  carefully  labelled.  By  the 
kindness  of  Mr.  S.  R  K^^nnedy,  Superintendent  of  the  mine, 
the  Survey  was  enabled  to  exiraine  them  and  compile  theacaom- 
panying  columnar  section.  The  strati  either  lie  horizjntully  or 
dip  at  very  low  angles,  so  that  the  thickness  obtained  from  the 
boring  very  closely  represents  the  actual  thickness  of  the  beds. 
TThe  samples  were  in  the  form  of  powder  or  sand,  such  as  is 
brought  up  in  the  "slimes"  of  an  ordinary  punch  drill,  and  there- 
fore the  exact  structure  of  each  member,  and  in  certain  cases  the 
relative  proportions  of  sand  and  limestone,  are  sometimes  a  little 
doubtful.  But  generally  a  few  pieces  were  found  in  each  sample 
sufficiently  characteristic  to  show,  with  the  help  of  a  lens,  the 
physical  character  of  the  n)ck.  Some  of  the  upper  rocks  passed 
through  in  the  boring  have  also  been  examined  in  the  field,  and 


«  The  limits  of  the  Caiciferotia  formation  in  the  region  in  question  hare  not  fet  been 
determined,  and,  consequently,  it  is  uncertain  whether  aU  the  rocks  passed  through  in  the 
lower  part  of  the  S  •uthern  mine  well  are  to  be  iDcluded  in  this  formation,  or  whether  some  are 
•till  older.  Therefore  no  attempt  at  a  division  is  made  here,  and  the  aocompanfing  well  sec- 
tion is  given  simply  to  illusiratn  the  nature  of  rocks  which  it  passed  through  and  not  with  the 
Intention  of  necessarily  grouping  them  together. 
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thus    further    information    has    been  obtained  regarding  their 
nature. 

1.  The  well  bqring  was  started  on  the  slope  of  a  hill,  and 
the  first  fifty  feet  that  were  passed  through  consisted  of  frag- 
ments of  chert  and  limestone  buried  in  residual  clay. 

2.  Below  this  dctrital  deposit  is  a  thickness  of  240  feet  of 
the  Izard  limestone.  This  formation  will  be  described  later  in 
this  chapter. 

3.  At  the  ba.se  of  the  Izard  limestone,  is  a  bed  of  sandy 
limestone,  10  feet  thick.  This  represents  the  transition  between 
the  limestone  and  the  underlying  saccharoidal  sandstone.  These 
two  beds  rarely  come  together  in  sharp  contact,  but  are  almost 
always  separated  by  this  transitional  stratum.  It  is  frequently 
seen  on  the  slopes  of  the  hills  and  is  composed  of  massive  blue 
limestone,  becoming  more  and  more  sandy  as  it  approaches  the 
sandstone,  and  varying  from  two  to  ten  feet  in  thickness. 
Sometimes  thin  layers  of  pure  limestone  and  of  pure  sandstone 
occur  in  this  stratum,  but  most  of  it  is  simply  a  more  or  less  even 
mixture  of  sandy  limestone.  In  the  Izard  limestone,  just  above 
its  contact  with  this  b«<l,  there  are  frequently  found  concretion- 
ary musses  of  hard  gray  chert,  three  to  eight  inches  in  diameter. 
They  have  an  oval  shape,  a  distinct  concentric  structure,  a  marked 
conchoidal  fracture  and  a  vitreous  lustre. 

4.  Immediately  below  the  transitional  bed  just  described^ 
is  a  friable,  white  saccharoidal  sandstone  125  feet  thick» 
This  crumbles  very  readily  on  exposure  into  a  loose  fine  sand. 
Sometimes  strata  of  a  very  characteristic  light,  watery-green 
color,  and  of  the  same  sandy  consistency  are  interbedded  with 
it.  These  doubtless  owe  their  color  to  the  presence  of  pro- 
to-salts  of  iron,  since,  on  an  exposed  surface,  the  green  color 
changes  to  a  yellow  or  brown  and  the  rock  becomes  coated  with 
a  ferruginous  crust  from  an  eighth  to  one  inch  in  thickness ; 
while  inside  this  covering,  the  original  green  color  remains* 
Iron  pyrites,  in  disseminated  crystals  and  nests  of  crystals,  is  a 
frequent  constituent  of  the  bed,  and  on  an  exposed  surface  it  also 
is  oxidized  and  shows  itself  iu  rusty  blotches  on  the  rock» 
Though  the  normal  color  of  the  sandstone  is  white,  this  rusty 
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stain  is  very  characteristic  in  many  places^  and  it  is  rare  that 
any  large  areas  of  the  bed  are  seen  without  being  partly  discol- 
ored on  the  surface.  The  stain  is  especially  noticeable  in  the 
bedding  planes;  and  in  many  creek  bluffs  ferruginous  springs 
issue  from  these  lines  and  cover  the  surface  of  the  rock  with  a 
rusty  coating  of  hydrous  peroxide  of  iron. 

This  sandstone  occurs  in  strata  of  different  thicknesses 
varying  from  a  few  inches  to  several  feet.  Falsebedding  is 
of  very  frequent  occurrence,  and,  in  many  places,  layers  of  false- 
bedded  sandstone  are  interbedded  with  lavers  of  the  same  rook 
horizontally  bedded.  Ripple  marks  are  also  of  frequent  occur- 
rence on  the  bedding  planes  of  the  rock. 

The  rock,  as  a  whole,  is  of  uniform  structure,,  though  some 
of  the  strata  approach  a  quartzite  in  form,  and  are  harder  than 
others,  thus  causing  the  weathered  surface  to  show  protruding 
and  receding  lines.  In  many  places  the  whole  mass  of  the  rock 
is  out  up  by  a  net- work  of  seams  of  white  quartz  from  an  eighth 
to  a  half  inch  in  thickness.  Where  such  an  occurrence  is 
exposed  to  weathering,  the  sandstone  disintegrates  much  faster 
than  the  quartz  and  the  latter  protrudes  from  the  rock,  giving  it 
a  honey-combed  appearance. 

The  saccharoidal  *  sandstone  is  eroded  in  a  very  irregular 
and  very  characteristic  manner.  The  accompanying  figure  repre- 
sents a  weathered  surface  on  the  east  side  of  Polk  Bayou^  ten 
miles  north  of  Batesville.     It  is  on  the  slope  of  the  hill  near  the 


Figure  4.    Section  showing  the  erosion  of  the  saccharoidal  sandstone. 
Horizontal  and  vertical  scale:  1  inch«30  feet. 

bed  of  a  small  creek  channel.     The  table-shaped  mass  rising  up 
on  the   left  hand   shows   the  layers  of  false-bedded   sandstone. 

^The  term  taeeharoidal  is  used  here  simply  to  designate  the  nature  of  the  sandstone  ia 
question,  and  not  with  any  intention  of  orrelatiog  it  with  the  Saccharoidal  sandstone  of  the 
Miasouri  claaslfication.  The  geologic  relations  of  the  two  formations  have  not  }  et  been  de- 
termined. 
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On  the  Batesville  and  Powhattan  road^  twenty  miles  northeast 
of  fiatesville,  the  sandstone  underlies  a  gently  rolling  conntry, 
and^  at  frequent  intervals,  its  eroded  surface  protrudes  through 
the  sandy  soil  in  the  form  of  low  knobs  and  mushroom-shaped 
bosses. 

Below  this  sandstone  is  a  series  shown  in  the  well  section 
to  be  45  feet  thick,  and  composed  of  thin  beds  of  sandstone  and 
limestone.  The  bandstone  is  son^etimes  of  the  soft,  pulverulent 
variety  just  described,  but  is  usually  much  harder,  and  often  oc- 
tsurs  in  the  form  of  a  quartzite,  in  which  the  separate  grains  of 
sand  have  sometimes  been  almost  entirely  obscured.  Sueh  rock 
often  caps  small  hills,  and  some  of  it  very  much  resembles  the 
-chert  of  the  country  to  the  south,  lying,  as  it  does,  in  rough, 
broken,  angular  fragments  on  the  hilltops  and  slopes.  The 
-conversion  of  the  sandstone  to  quartzite  has  taken  place  very  ir- 
regularly, and  the  two  rocks  blend  into  each  other  both  laterally 
and  vertically.  Frequently  irregularly  shaped  masses  of  sand- 
istone  are  enclosed  on  all  sides  by  the  quartzite,  and,  conversely, 
masses  of  quartzite  are  often  enclosed  on  all  sides  by  soft  sand- 
stone. Such  phenomena  as  these  evidently  point  to  the  local 
formation  of  hydrous  silicic  acid  in  the  interior  of  the  sandstone 
beds,  though  the  chemical  processes  by  which  this  has  been 
brought  about  have  not  yet  been  sufiSoiently  studied  to  satisfac- 
torily explain  such  occurrences.  Frequently,  also,  .nodular 
masses  of  chert,  one  to  ten  inches  in  diameter,  of  a  gray  or  black 
-color,  with  a  distinct  concretionary  structure  and  a  conchoidal 
fracture,  are  found  in  the  sandstone  strata.  The  limestone  strata 
«re  of  a  light  or  dark  gray  color,  massive,  or,  rarely,  semi-crystal- 
line and  often  of  a  slaty  structure,  splitting  into  slabs  from  a  half 
inch  to  three  inches  in  thickness. 

The  remaining  rocks  passed  through  in  the  well  boring   at 
the  Southern  mine  have  net  been  sufficiently  studied  in  the  field, 
to  afford  further   details  than   have  already  been  given  on  the 
'Columnar  section. 

THE  IZARD  OR  BLUE  LIMESTONE. 

Name. — The  name  Izard  has  been  applied  to  this  formation 
i)y  Dr.  J.  C.  Branner,  State  Geologist,  on  account  of  its  extensive 
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developmeDt  in  the  southeastera  part  of  Izard  county.  Id 
Penter's  Bluff,  ou  the  White  River,  in  this  county,  it  reaches  a 
thickness  of  280  feet  (barometric  measurement),  which  is  the 
maximum  observed  for  it  in  the  manganese  region. 

Nature  of  the  Izard  limestone, — The  limestone  is  a  massive^ 
blue  or  grayish-blue  rock,  sometimes,  though  rarely,  assuming  a 
finely  granular  semi-crystalline  structure.  The  weathered  sur- 
face frequently  shows  very  irregular  spots  and  lenticular  seama 
of  a  buff-colored  earthy  appearance,  varying  from  one  sixteenth 
to  one  half  inch  in  thickness,  and  very  much  like  some  of  those 
seen  in  the  Lower  Silurian  limestones  of  Virginia. 

Lithographic  stone  in  the  Izard  limestone. — Near  the  top    of 
the  Izard  limestone,  are  frequently  found  strata  of  a  cream-colored 
or  of  a  dark  watery-blue  limestone,  with  a  smooth,  even,  compact 
structure  and  a  conchoidal  fracture.     These  vary  from  1  to  4  feet 
in  thickness  and  are  separated  from  each  other  by  strata  of  the 
ordinary  limestone.     Often  the  creamy  and  dark  colors  blend  inta 
each  other  in  horizontal  layers,  forming   a   beautifully  banded 
rock.     Such  a  material  has  been  worked   for  lithographic   stone 
in  several  places,  especially  at  Dr.  Warden's  quarry,  on  Lafferty 
Creek.     It   is  also  seen    in   the   Izard   limestone   on  Penter's. 
Bluff,  and  in  places  on  the  divide  between  Polk  Bayou  aud  SuU 
livan  Creek.     The  objection  to   the  rock  for  lithographic   pur- 
poses is  that  it  contains  veins  of  white  crystalline  calcite,  varying 
from  the  thickness  of  a  sheet   of  paper  to   one-sixteenth  of  an 
inch  or  more,  which  often  pierce  it  in  all    directions  and   render 
it   unsuitable   for   the   finer  classes   of  lithographic   work.     In 
places,   however,  small   masses  can  be  obtained  which  are   free 
from  such  imperfections,  and  possibly,  further  explorations  may^ 
develop  localities  where  larger  pieces  can  be  gotten. 

Caves  in  the  Izard  lim^tone. — Caves  are  of  frequent  occur- 
rence in  this  formation,  and,  although  not  of  very  great  size,  are 
very  numerous  and  often  run  far  back  into  the  hills,  forming  a 
series  of  chambers  connected  by  narrow  passages.  Stalactites 
and  stalagmites  are  sometimes  seen. 

Thickness  of  the  Izard  limestone. — In  a  general  way,  the  Izard 
limestone  is  thicker  in  the  western  part  of  the  area  represented  in 
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the  map  than  in  the  eastern  part,  though  for  short  distances  this 
rule  will  not  always  hold,  as  the  thickness  is  very  variable,  even 
over  limited  areas.  It  has  already  been  stated  that  the  greatest 
thickness  is  iu  Penter's  Bluff,  where  the  Izard  limestone  forms 
the  lower  280  feet  of  an  almost  vertical  cliff  rising  485  feet  above 
the  White  River.  As  it  is  still  seen  at  the  foot  of  the  bluff,  it 
probably  has  a  greater  thickness.  To  the  northeast  of  Penter's 
Bluff,  it  is  exposed  in  numerous  other  bluSs  on  East  and  West 
Lafferty  Creeks.  On  Lee's  Mountain,  in  township  15  N.,  8  W.^ 
section  7,  its  thickness  is  240  feet,  and  in  the  well  boring  at  the 
Southeru  mine,  near  Cushman,  a  similar  thickness  was  found. 
The  bed  does  not,  however,  preserve  such  a  development 
throughout  this  area,  and  sometimes  it  is  probabl/  less  than  half 
this  thickness.  On  Polk  Bayou,  two  miles  above  the  mouth  of 
Sullivan  Creek,  and  some  ten  miles,  in  an  air  line,  east  by  south 
from  Penter's  Bluff,  it  has  a  thickness  of  only  150  feet,  this 
measurement  having  been  taken  from  the  base  of  a  small 
exposure  of  St.  Clair  limestone  on  top  of  the  hill,  to  the  sand- 
stone, which  underlies  the  Izard  limestone,  at  the  toot  of  the 
hill.  Still  further  east,  in  the  region  of  the  lower  part  of  Dota 
Creek  and  of  Walnut  Grove,  *  the  Izard  limestone  is  probably 
as  thin,  if  not  thinner,  than  at  the  laet  mentioned  locality;  but 
as  the  hills  here  are  largely  covered  with  gravel,  and  are  much 
lower  than  to  the  west,  the  exact  amount  of  change  is  uncertain. 

To  the  west  of  Penter's  Bluff,  beyond  the  western  limit   of 
the  map,  the  Izard  limestone  has  been  found  by  Mr.  T.  C.  Hop- 
kins,t  of  this  Survey,  to  gradually  thin  out,  just  as  it  does  to  the 
east,  but  probably  less  rapidly. 

Fossils  in  the  Izard  limestone. — Fossils  are  occasionally 
found  in  the  Izard  limestone,  but  they  are  usually  very  im- 
perfect and  occur  as  calcite  casts  of  the  original  remains. 
The  overlying  St,  Clair  limestone,  however,  has  been  defi- 
nitely determined  by  Dr.  H.  S.  Williams,  as  belonging  to  a 

«  Walnut  Grove  is  not  included  on  the  map  accompanying  this  yolume,  but  it  lies  six 
miles  east  of  Cunrenieoce  post  oflBce. 

fSee  report  by  Mr.  Hopkins  on  Marbles  and  Other  Limestones,  Vol.  I  V„  of  the  publi*^ 
cations  of  the  Survey  for  1890. 
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horizon  between  that  of  the  Trenton  and  that  of  the  Niagara 
of  the  New  York  section,  and,  therefore,  the  Izard  limestone 
cannot  belong  above  this  horizon.  On  the  other  hand,  it  is 
underlain  by  Calciferous  rock.  Whether  it  should  be  in- 
cluded, however,  with  either  the  underlying  or  overlying 
formations,  or  whether  it  marks  a  distinctive  horizon,  is  as 
yet  uncertain. 

Contact  of  Izard  and  St.  Clair  limestones. — At  the  contact 
of  the  St.  Clair  and  Izard  limestones,  the  latter  generally 
shows  a  tendency  towards,  or  an  initial  stage  of  the  same 
crystalline  structure  as  is  well  developed  in  the  former.  This 
becomes  apparent  by  the  presence  of  transparent  calcite 
crystals  scattered  through  the  massive  rock.  These,  though 
very  numerous  near  the  contact  line,  rapidly  decrease  with 
«n  increase  of  distance  from  that  line.  Such  occurrences  are 
not  confined  to  isolated  localities,  but  wherever  the  contact  of 
the  two  rocks  is  seen,  this  tendency  of  the  massive  rock 
towards  crystallization  is  very  apparent,  and  seems  to  show 
that  the  same  agency  that  enabled  the  St.  Clair  limestone 
to  crystallize,  also  acted,  though  in  a  lesser  degree,  on  the 
Izard  limestone. 

THB   ST.   CLAIR   LIMESTONE. 

The  St.  Clair  limestone  will  be  treated  under  the  dis- 
-cussion  of  the  manganese  ores  of  the  Batesville  region. 
Mention  of  it  here  is  confined  to  its  general  character  and 
its  relation  to  the  underlying  and  overlying  formations. 

Name, — The  name  St.  Clair  is  taken  from  St.  Clair 
Spring,  which  is  on  the  Batesville  and  Hickory  Valley  wagon 
road,  eight  miles  northeast  of  the  former  place.  The  spring 
is  a  well  known  locality,  and  the  name  is  used  here  as  the 
bed  is  the  only  limestone  in  the  neighborhood  and  cannot 
be  confused  with  any  other.  Elsewhere  it  is  usually  exposed 
with  the  underlying  or  overlying  limestones,  and  therefore 
the  use  of  the  name  of  any  such  place  might  give  rise  to 
-confusion. 

Composition  of  the  St.  Clair  limestone. — The  formation  con- 
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sists  of  a  granular  crystalline  limestone  of  light  gray,  pink, 
chocolate-brown  or  purplish-black  color.  It  has  a  maximum 
thickness  of  over  i  50  feet  in  the  manganese  region.  It  contains 
nodules  and  interbedded  layers  of  oxides  of  manganese,  and 
is  the  source  of  the  manganese  ores  as  they  are  now  found  in  a 
residual  clay.  It  sometimes,  also,  contains  strata  of  an  earthy, 
red,  argillaceous  or  siliceous  material,  showing  the  presence 
of  more  or  less  manganese  and  iron,  as  well  as  strata  of 
sandstone. 

To  the  east  of  the  manganese  region,  in  the  country 
along  the  south  fork  of  Dota  Creek,  the  St.  Clair  limestone 
thins  out,  and  finally  disappears  altogether,  or  is  repre- 
sented only  by  a  very  thin  stratum,  which  is  almost  in  variably 
covered  up  by  loose  chert  from  above. 

The  work  of  Mr.  T.  C.  Hopkins,  *  in  the  area  to  the  west 
of  the  manganese  region,  has  shown  that  there  also  the  St« 
Clair  limestone  thins  out  in  a  manner  similar  to  the  Izard 
limestone,  already  described.  Consequently  it  will  be  seen 
that  the  part  of  the  Silurian  terrane  of  northern  Arkansas 
comprised  in  the  Izard  and  St.  Clair  limestones,  reaches  its. 
maximum  development  in  the  Batesville  region,  especially 
in  the  Lafferty  Creek  basin  and  the  country  immediately 
west  of  it. 

Fossils  in  the  St.  Clair  limestone. — Fossils  from  this  forma- 
tion have  been  determined  by  Dr.  H.  S.  Williams  as  belong- 
ing, in  some  places,  to  the  Trenton  and  in  others  to  ahorizQn 
between  the  Trenton  and  Niagara  of  the  New  York  section. 
(See  page  114).  In  view  of  this  fact,  and  also  the  fact  that  the 
overlying  Boone  chert  has  been  determined  as  of  Lower 
Carboniferous  age,  the  possibility  of  an  unconformity  be- 
tween the  two  horizons  might  be  expected.  None  such 
has,  however,  been  observed  in  the  manganese  region;  but 
Dr.  Williams  cites  facts  observed  in  Boone  county,  in  the 
northwestern  part  of  the  state,  by  W.  P.  Jenney,  of  the 
United  States  Geological  Survey,  as  suggesting  an  uncon- 

^  8ee  report  on  arblts  and  other  limeetonee,  Vol.  lY.,  of  the  publications  of  the  Sur- 
•▼ey  for  1890, 
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formity  between  the  Silurian  and  the  Carboniferous  of  that 
area.* 

Contact  of  the  St.  Clair  limestone  and  the  Boone  cherts — The 
contact  of  the  St.  Clair  limestone  and  Boone  chert  is  rarely 
seen  in  the  Batesville  region,  as  it  is  usually  covered  by 
broken  chert.  Where  it  occurs,  however,  the  St.  Clair  lime- 
stone sometimes  comes  in  direct  contact  with  the  chert,  and 
at  other  times  there  is  an  intermediate  earthy,  siliceous  de- 
posit, varying  from  one  foot  to  probably  thirty  or  forty  feet  in 
thickness.  In  township  15  N.,  8  W.,  section  29,  the  northwest 
quarter  of  the  northwest  quarter,  there  occurs  a  rock,  which, 
though  it  was  seen  only  in  loose  boulders,  probably  belongs 
at  the  contact  of  the  chert  and  St.  Clair  limestone.  It  is  a 
dark  brown  or  black,  earthy,  siliceous,  soft  rock,  probably 
about  one  foot  in  thickness  and  emitting  a  strong  odor  on  a 
fresh  fracture.  At  the  Southern  mine,  near  Cushman,  there 
are  frequently  found,  at  the  base  of  the  chert  and  just  above 
the  residual  clay,  which  has  resulted  from  the  destruction  of 
the  St,  Clair  limestone,  a  red,  brown  or  mottled  seam  of  a 
dry,  earthy  consistency.  It  is  known  by  the  miners  as 
"  ochre,''  and  may  possibly  represent  the  former  contact  of 
the  chert  and  St.  Clair  limestone.  Elsewhere  in  the  neigh- 
borhood of  Cushman,  and  thence  westward  to  Lafferty  Creek, 
there  are  frequently  found  loose  fragments  of  a  soft  buflf- 
colored  or  rusty-brown  material  of  an  earthy  or  fine  sandy 
structure,  frequently  containing  thin  ferruginous  seams  or 
flat  concretions.  The  source  of  these  fragments  is  generally 
obscured  by  loose  chert,  though  they  are  often  seen  about 
where  the  contact  of  the  St.  Clair  limestone  and  Boone  chert 
should  come,  and  doubtless  sometimes  represent  the  transi- 
tional deposit;  but  the  St.  Clair  limestone  itself  often  con- 
tains sandy  strata  and  some  of  the  fragments  have  un- 
doubtedly come  from  them.  Sections  showing  the  existence 
of  the  sandstone  in  place,  both  at  the  contact  and  in  the  un- 
derlying limestone,  are  given  in  chapter  VIII.     The  rock 

<■  For  further  detaiU  see  report  of  Dr.  J.  C.  Branner,  State  Geologist,  in  Vol.  I.,  of  the 
publications  of  the  8ur?e7  'or  1889. 
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ID  both  places  ia,  ia  ezteroal  appearance,  the  same.  On  the 
BateBville  and  Cuehmaa  wagon  road,  one  mile  southwest  of 
the  latter  town,  a  deposit  of  this  kind,  over  20  feet  thick, 
occurs,  and  probably  represeDts  the  transitional  bed. 

At  the  Meeker  place,  township  14  N.,  range  7  W., 
section  8,  in  the  south  half,  the  contact  bed  is  seen  in  place. 
It  varies  from  6  to  15  inchesinthickneBe,iaacompact,  bluish- 
green,  earthy  rock.  It  contains  small  siliceous  Qodules, 
an  eighth  of  an  inch  to  one  inch  in  diameter,  and  small  crys- 
tals of  iron  pyrites.  White  specks,  a  sixteenth  of  an  inch  and 
smaller,  are  scattered  throngh  it.  The  material  is  slightly  cal- 
'careous  and  weathers  into  a  brown  or  bufi-colored  mass,  much 
softer  than  the  original  rock.  Its  relations  to  the  overlying 
and  underlying  formations  are  shown  in  the  accompanying 
section.  The  residual  clay  in  the  section  is  the  product  of 
decomposition,  in  situ,  of  the  St.  Clair  limestone. 


£1.  dftlr  ILmflitoaB. 


Fl(un8.    Siition  ihoulng  1^  Si,  Clair  Itnalmi  and  l\e  Bcotu  ei4r1  al  Iht  Midtlr  place. 
Sals:    1  iiicb=»  teat. 

Dr.  J.  E.  Wolff,  of  Harvard  University,  has  very  kindly 
«zamiaed  under  the  microscope  a  slide  made  from  a  sample 
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of  this  material  collected  by  the  Survey  and  has  found  evi- 
dence pointing  to  the  possibility  of  its  being  composed 
partly  of  volcanic  ash,  though,  as  he  suggests,  further  labor- 
atory work  will  be  required  to  determine  the  matter  defin- 
itely. He  describes  the  section  as  composed  of  rather 
angular  small  clastic  grains  of  quartz  and  of  fragments  of 
triclinic  feldspar,  often  much  bent  and  rounded,  and  some- 
times angular;  together  with  deep  brown  homogeneous 
grains  which  are  partially  transparent,  but  completely  iso- 
tropic in  polarized  light.  The  latter  show  no  signs  of 
cleavage  or  crystal  structure,  and  look  like  possible  fragments 
of  a  ferruginous  basaltic  glass.  The  clastic  grains  are 
separated  by  thin  films  of  a  green  chloritic  substance. 

Lack  of  time  has  not  yet  permitted  a  further  investiga- 
tion of  this  subject,  but  should  this  deposit,  representing,  as 
it  does,  the  parting  between  the  Silurian  and  Carboniferoua 
terranes,  prove  to  be  an  ash  bed,  it  will  throw  additional 
light  on  the  series  of  phenomena  which  took  place  in  the 
interval  between  those  ages.  That  the  deposit  is  not  of 
this  nature  everywhere  in  the  region,  isi  shown  by  the  fact 
that  in  many  places,  even  in  the  neighborhood  of  the  Meeker 
locality,  it  consists  of  what  seems  to  be  a  common  sediment- 
ary sandstone,  though  in  some  places  the  grains  composing' 
it  show  a  very  remarkable  globular  form. 

Dr.  J.  C.  Branner,  State  Geologist,  had  already  suggested, 
from  his  examinations  in  the  field  previous  to  the  discovery 
of  the  above  mentioned  locality,  that  the  parting  between 
the  Silurian  and  Carboniferous  in  northern  Arkansas  might 
contain  eruptive  debris,  and  should  the  case  in  question  prove 
to  be  composed  of  such  materials  it  will  materially  substan* 
tiate  this  view.  Dr.  J.  Francis  Williams,*  of  the  Survey, 
had  also  discovered,  previous  to  the  present  discovery,  a 
somewhat  similar  material  in  the  Paleozoic  rocks  of  south- 
western Arkansas. 

^See  report  on  the  Igneous  Rocks  o[  Arkansas,  Vol.  I[.,  of  the  publications  of  the  Sur- 
vey for  1890. 
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THE   BOONE  CHERT. 

Name. — The  name  Boone  has  been  given  by  the  State- 
Geologist,  to  the  series  of  cherts  and  cherty  limestones^ 
which  forms  the  base  of  the  Carboniferous  system  in  the 
Batesville  region  and  elsewhere  in  northern  Arkansas.  It  is- 
taken  from  Boone  county,  where  these  rocks  form  the  pre- 
dominating feature  of  the  region. 

Composition  of  the  Boone  chert, — The  formation  consists 
of  a  series  of  interbedded  strata  of  chert  and  limestone^ 
Tne  two  materials  difter  greatly  in  relative  amounts  in  dif- 
ferent places^  sometimes  the  whole  deposit  being  composed 
almost  entirely  of  chert,  and  sometimes  consisting  of  over 
half  limestone.  In  places  where  chert  is  the  predominating 
constituent  of  the  bed,  the  limestone  occurs  as  thin  strata  or 
lenticular  layers,  and  very  often  as  irregularly  shaped  bunches- 
or  masses,  varying  from  half  an  inch  to  several  inches  in  di- 
ameter.  Frequently  the  chert  contains  isolated  crystals  of 
calcite,  at  times  large  enough  to  be  seen  with  the  naked  eye, 
and  at  others  only  visible  under  a  microscope.  In  parts  of 
the  bed  where  limestone  is  the  predominating  feature,  the 
chert  occurs  as  thin  strata,  lenticular  layers  or  as  bunches 
like  those  of  limestone  j  ust  mentioned.  Frequently  it  occurs 
as  a  finely  disseminated  siliceous  material  throughout  the 
mass  of  the  limestone.  One  of  the  most  common  phases  of 
the  chert  bed  in  the  manganese  region  is  a  central  mass  of 
more  or  less  calcareous  chert,  about  100  feet  in  thickness, 
overlain  and  underlain  by  a  series,  25  to  50  feet  in  thickness,  of 
interbedded  chert  and  limestone  strata,  the  limestone  be- 
coming more  and  more  plentiful,  both  above  and  below,  until 
the  chert  layers  either  entirely  disappear  or  are  represented 
only  by  small  irregular  segregations  and  disseminated  sili- 
ceous impurities.  Frequently,  however,  limestone  beds  are 
found  in  the  central  part  of  the  deposit,  and  sometimes  ac- 
quire a  thickness  of  a  hundred  feet  or  more.  These  beds 
usually  contain  numerous  lenses  of  chert  and  are   frequently/ 

9  Geological,  Vol.  I.,  1890. 
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cat  up  into  separate  limestone  beds  by  more  or   less   contin- 
uous layers  of  chert. 

The  character  of  the  limestones  in  this  cherty  deposit 
<lifiers  very  much  in  difierent  localities,  and  at  different 
horizons  in  the  series.  They  vary  from  a  massive  gray  or 
t)lue  limestone  of  a  compact  structure  and  more  or  less 
siliceous  nature,  to  a  highly  crystalline  gray  variety,  often 
strongly  charged  with  organic  matter.  Between  these  limits 
^re  found  all  gradations  in  structure,  purity  and  color.  The 
bed  that  preserves  the  most  uniform  consistency,  though  of 
intermittent  occurrence,  is  a  cherty  limestone  which  occurs 
:at  the  very  top  of  the  deposit.  This  is  of  a  white  or  light 
:£ray  color,  and  is  composed  of  small,  transparent,  granular 
<^rystal8  of  calcite,  having  the  size  and  general  appearance 
of  finely  granulated  sugar,  and  imbedded  in  a  massive 
white,  calcareous  .cement.  It  contains  variable  quantities  of 
ohert  in  the  form  of  lenses.  It  has  been  quarried  at  Ward's 
quarry,  seven  miles  northeast  of  Batesville,  and  at  Allen|^ 
-quarry,  two  miles  north  of  the  same  town,  for  a  building 
«tone  and  as  a  source  of  lime.  It  takes  a  beautiful'  polish 
:and  is  well  adapted  for  structural  purposes.*  A  similar  rock 
in  a  similar  position,  is  seen  on  the  north  side  of  the  wagon 
road  to  Mountain  View,  three  miles  west  of  Batesville,  where 
the  road  passes  under  the  St.  Louis,  Iron  Mountain  and  South- 
ern Railway.  This  limestone  is  not  continuous :  in  some 
places  it  disappears  altogether  and  in  others  it  reaches  a 
thickness  of  over  fifty  feet. 

Another  very  characteristic  limestone  of  this  series  is  a 
ooarse  g;rained,  highly  crystalline  variety,  such  as  is  seen  at 
Denieville,  six  miles  northwest  of  Batesville.  This  is  highly 
bituminous  and  emits  a  strong  fetid  odor  od  a  fresh  fracture.  A 
thickness  of  a  huodred  feet  of  it  is  exposed  at  this  point.  Like 
the  other  limestones  of  the  chert  beds,  it  is  cut  up  by  numerous 
•cherty  lenses  which  frequently  assume  a  peculiar  undulating 
position.     Similar  limestones   are   Reen  along  the  line   of  the 

■         ■  ■  —  ■  - ,  ■  ■         -_ 

<■  See  the  report  od  Marble  and  Other  Limestones,  by  Mr.  T.  C.  Hopkins,  Vol.  IV.» 
4innual  report  of  the  Geological  Survey  for  1890. 
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MouDtaiD  View  road^  from  five  to  eight  miles  west  of  Bates vi lie. 
Besides  the  varieties  of  limestone  already  mentioned,  an  earthy 
variety,  and  a  hard,  siliceous,  semi-crystalline  form  frequently 
-occur. 

The  chert,  where  seen  in  large  deposits,  is  a  bedded  sili- 
^oeous  rock,  generally  of  light  gray  or  drab  color.  It  is  often 
stained  yellow  or  brown  by  iron,  and  is  sometimes  black.  It  is 
very  hard  and  brittle,  has  an  angular  to  conchoidal  fracture  and 
a  lustre,  varying  from  dull  to  resinous.  Frequently  masses  of 
•a  chert  breccia  occur,  composed  of  fragments  of  chert  from  an 
€ighth  to  a  half  inch  in  diameter  and  cemented  in  a  hard, 
massive,  siliceous  matrix.  Often  a  breccia  of  similar  chert  frag- 
ments with  a  black  earthy  manganiferous  cement,  as  well  as  a 
-chert  cut  up  by  a  net-work  of  thin  black  films  of  manganese 
occur.  These,  however,  are  secondary  products,  the  manganese 
faaving  come,  probably,  from  the  underlying Bt.  Clair  limestone, 
"and  will  be  described  more  fully  in  chapter  YIII.  Iron  pyrites 
is  frequently  found  in  the  chert  in  the  form  of  small  disseminated 
tsrystals  and,  on  an  exposed  surface,  its  presence  is  shown  by 
rusty,  brown  blotches,  due  to  its  oxidation.  Frequently,  also, 
-dark  gray  or  smoky  black  spots  occur,  which  gradually  blend 
into  the  lighter  colored  part  of  the  rock. 

The  nature  of  the  chert  bed  has,  in  some  places,  been 
changed  to  such  an  extent  by  chemical  action,  that  the  originally 
massive  rock  has  been  partially  converted  into  a  fine-grained 
crystalline  material,  often  containing  cavities  lined  with  larger 
crystals  of  transparent  quartz.  Such  occurrences,  however,  are 
only  local:  they  are  seen  in  places  in  the  chert  bluffs  of  Stone 
-county,  opposite  Penter's  Bluff;  and  near  Cushman  and  on  the 
upper  part  of  Polk  Bayou,  in  Independence  county. 

Sandstone  in  the  Boone  chert. — A  noticeable  feature  of  the 
chert  is  the  existence  in  it  of  interstratified  beds  of  sandstone. 
These  are  from  one  or  two  to  eight  or  ten  feet  in  thickness,  and 
probably,  in  some  places,  are  etill  thicker.  They  are,  sometimes, 
traceable  for  almost  a  mile,  but  probably  represent  lenticular 
strata  in  the  chert.  Sometimes  they  appear  to  exist  simply  as 
pockets  in  the  chert.     These  sandstones  are  composed  of  co&v«!^^ 
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angular  aod  rouaded  grains,  are  suft  and  friable,  and  of  a  gray^ 
baff,  rusty-browD,  or  red  color.  They  frequently  coDtaia  cod- 
oretionary  aodnles  of  chert,  as  well  as  angular  masseH  of  the- 
aame  material,  Tbe  latter  sometimes  become  sufficiently 
numerous  to  form  a  breccia  with  a  sandstone  matrix.  Such 
breccias  are  seen  od  the  land  of  Squire  Meeks,  in  14  N.,  7  W., 
•ectioD  3;  and  also  in  15  N.,  8  W.,  section  25.  In  both  placeo^ 
the  material  is  of  only  local  occurrence.  The  interbedded 
sandstooe  is  well  seen  about  two  miles  southeast  of  tbe  mouth  of 
Lafferty  Creek,  in  a  hollow  which  makes  up  ioto  the  chert  from 
the  White  River.  The  bed  here  isabout  eight  feet  thick,  contains, 
nodules  and  angular  fragments  of  chert  from  an  eighth  of  an  inch 
to  six  inches  in  diameter,  is  of  a  buS  cf>lor,  friable  and  oompowd 
of  coarse,  angular,  transparent  grains.  It  crops  out  in  the  chert 
bluffs  of  the  ravine  and  dips  with  tbe  chert  at  an  angle  of  3°  to 
tbe  east  and  southeast.    The  accompanyiog  columnar  sectioa 


fUt).    Settle:  1  inch^^  fMt. 

shows  its  position.     Similar  sandstones  are  seen  elsewhere  in  the 
neighborhood,  aod  also  between  here  and  Cushman. 

Shale  in  the  Boone  chert, — In  some  places  in  the  chert  there- 
occur  lenticular  strata  of  a  black,  massive  or  slaty,  bitum- 
inous shale,  containing  considerable  quantities  of  shells  of  small 
Linguiae,  as  well  as  iron  pyrites,  either  in  crystals  or  in  thin  in- 
terbedded layers,  one  thirty  second  to  one  sixteenth  of  an  inch  in 
thickness.  The  bed  has  been  dug  into  for  coal  in  several  places^ 
but  without  findingany.  The  accompanying  chert  in  such  places 
is  sometimes  of  the  same  black  color  as  the  shale.  lu  14  N.,  5- 
W.,  section  15,  the  northwest  quarter,  tbe  bed  was  opened  for  a 
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'^epth  of  twenty  feet  without  reaching  the  bottom.  Id  an  old 
prospect  pit,  ia  towoahip  14  N,,  6  W.,  section  33,  north  part, 
the  accompanying  section  was  obtaiDed,  being  made  up  partly 
from  exposares  on  the  hillsides,  partly  from  the  naterials  on  the 
-dump  and  partly  from  the  etatemeats  of  the  owner  of  the  property. 
The  first  memberof  the  xecliua  represents  the  series  of  oherta  and 
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-tutiOT,  3d.    Belle:  I  lnch=29  t«t. 

limestones  that  overlie  the  main  chert  bed.  Considerable 
quantities  of  iron  pyrites  are  found  in  all  the  rocks  at  this  place. 
Such  slate  or  shale  beds  are  only  of  local  occurrence  and 
represent  lenticular  strata  in  the  main  chert  formation. 

Topography  of  the  okerl  area. — -The  erosion  ot  the  chert 
gives  rise  to  a  very  characteristic  topography,  forming  steep 
bills,  sometimes  with  slopes  covered  by  loose  chert  fragments 
which  obscure  everything  else,  sometimes  rising  up  almost  per- 
pendicularly in  the  sides  of  ravines  80  to  100  feet  deep,  in  which 
the  almost  horizontal  otrata  are  clearly  exposed.  Still  again, 
the  chert  forms  the  capping  of  the  underlying  limestones  on 
high  river  bluffs  and  rises  up  in  bold  angular  escarpments,  pro- 
jecting in  rugged,  turret-like  forms,  or  receding  in  deep  stony 
gullii>s.  The  chert  breaks  easily  along  the  planes  of  bedding,  and 
surface  waters,  percoliting  through  these  passages  have  often 
formed  narrow  cavities,  giving  the  bluffs  a  peculiar  loose 
appearance.  Frequently  there  occur  at  the  base  of  snch  bluffs 
numerous  ildt  xlahs  of  chert  varying  from  four  to  twenty-four 
inches  ill  thickness  and  with  uneven,  undulating  surfaces.  At 
its  northern  liniitH,  the  chert  formation  thins  out  and  is  finally 
represented  only  by  loose  piles  of  broken,  angular  chert,  capping 
low  hills  or  abrupt  conical  knobs. 
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Caves  in  the  Boone  chert. — Caves  are  very  numerous  in  the- 
upper  and  lower  parts  of  the  chert  series.     These  appear  to  have- 
been  formed  by  the   leaching  out   of  the  limestone  layers   and 
the  gradual  dropping  in  of  the  associated  chert.     Sometimes  the 
leaching  action  shows  itself  simply  in  the  form  of  a  conical   hol- 
low in  the  side  of  the  chert  hill^  and  no  open  cavity  is  visible,  but 
in  other  places  large  caverns  have  been  formed,  which  consist  oF 
a  series  of  chambers  of  very  irregular  shape,  varying  from  50  ta 
100  feet  in  height,  and  width,  and  connected  by  narrow  passages^ 
In  some  places  streams  of  clear  water  gush  from  the  caves;  while^ 
in   other  places  the"*  latter   serve  as   **8ink-holes",   into    which 
streams  flow,  and,  passing  through  undergrouod  channels,  again 
appear  as  springs   elsewhere.     In  most  ca^es,  the  beds  of  lime- 
stone, which  characterize  the  chert,   cin  be  cieen  on  the  sides    of 
the  caves,  and  prove  clearly  the  origin  of  the  latter.     Stalactites 
and  stalagmites  are  rare,  though  sometimes  found  in  small  quan- 
tities.    The  sides  and  roof  are   usually  comparatively    smooth^ 
but  the  floors  are   covered  with    loose  chert  blocks  which    have 
fallen  from  above  and  have  accumulated  in    great  heaps.     Such 
caverns  are  frequently  the  haunts  of  great  numbers  of  bats. 

Decay  of  the  Boone  chert, — The  surface  of  the   whole  chert 
area  is  strewn  with  loose  angular  thert  fragments,  and  the  rocks 
are  rarely  seen  in  place,  except  where  they  are  exposed  in  steep, 
blufis.     The  surface  leaching  of  the  interbedded  limestone  in  the 
upper  part  of  the  formation  has  loosened  ttie  chert  strata,  and  ia 
doubtless  one  of  the  causes  of  this  very   characteristic  surface.. 
The  fragments  vary  from  one  inch  to  two  feet  or  more  in  diam- 
eter and  have  otlen  collected  in  large  quantities  on  the  slopes  of 
the  hills.     This  breaking  up  of  the  chert   beds,  however,  is  not 
always  confined   to  the   surface.     In   the   northern  part   of  the 
region  of  its   exposure,  the  chert  has  been  undermined  and   let. 
down  by  the  leaching  out  of  the  underlying  St.  Clair  limestone^ 
and  the  whole  formation  has  been  much  broken,  shattered,    and 
faulted  from  bottom  to  top.     This  often  gives  it  the  appearance, 
at  first  sight,  of  having  been  disturbed  by    lateral  pre^isure,    but 
the  horizontal  or  gently  sloping  position  of  the  underlying  rocka 
precludes  such  a  supposition,  as  will  be  shown  in  chapter  VIII.. 
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The   chert  fragments  found  on  the  surface   are  frequently 
honeycombed  by  small  cavities  an  eighth  of  an  inch  to  one  inch 
in  diameter  and  very  irregular  in  shape.     These  are  due   to  the 
leaching  out  of  included  masses  of  limestone.     The  real  nature  of 
the  chert  is  never  seen  on  an  exposed  surface  and  it  is  only  in  a 
freshly  broken   mass  that  the   original  structure  of  the  rock    be- 
comes visible.     When  exposed  to  the  process  of  decay,  the  chert 
undergoes   two  stages    of  decomposition:     first,    into   a   light^ 
porous,  opaque,  buff-colored  rock  of  the  consistency  of  an    ordi- 
nary pressed  brick;  si^cond,   into  an  impalpable    white  or  browtt 
powder,  locally  known  as  "polishing  powder^'.     This  last  stage- 
of  decomposition  is  not  seen    so  often  as  the  first,  as  the  surface 
waters  rapidly  carry  off  the  fine  material  as   fast  as  it  is  formed- 
In  places,  however,  where  there  are  conditions  for  its    preserva- 
tion, it    has   collected   in  considerable    quantities.      The   white^ 
powder  frequently  contains   masses  of  the    porous,  semi-decom- 
posed   rock,   the    latter  in    turn    encircling    kernels    of    harct 
unaltered  chert.     Throughout  the  chert  area  generally,  the  rock 
has  usually  been     converted,    superficially,  to   a  more   or    less- 
porous  mass,  sometimes  reaching  ten  feet  or  more  into  the  rook 
and  at  other  times  only  a  fraction  of  an  inch.     This  is  very  char- 
acteristicaPy  shown  in  the  accbmpanying  Faction,  which  is  seei^ 
exposed  about  six  miles  northwest  of  Batesville. 


Figure  8.    fkction  showing  the  irregular  deaiy  of  the  Boone  chert, 

A.  Decoiu posed  diert. 

B.  Undecomposed  chert. 

Uorizoutal  and  vertical  scale:  I  inch=30  feet. 

The  decomposition  is  doubtless  due  partly,  if  not  wholly,  to- 
the  leaching  out  of  carbonate  of  lime  and  other  carbonates  dis- 
seminated   through   the   chert,   either  in    the   form  of    minute 
crystals,  or  as  an  amorphous  powder.     The    varying  amounts  of 
these    materials  in  different  parts  of  the   chert  possibly   accouni 
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for  the  unequal  decay  of  the  rock.     The  removal  of  the  carbon* 
ates  leaves  a  skeleton  of  the  less  soluble  siliceous  parts. 

Microscopic  examination  of  the  Boone  chert. — A  microscopic 
examination,  kindly  made  for  the  Survey  by  Dr.  J.  E.  WolflF,  of 
Harvard  University,  of  chert  specimens  collected  in  the  Bates- 
ville  region,  have  shown  them  to  be  composed  largely  of  chalce- 
donic  silica,  though  in  some  cases  the  silica  is  possibly  in  an 
•opaline  form.  They  show  numerous  rhombohedral  crystals  of 
•carbonates,  many  of  which  are  doubtless  calcite,  as  shown  by 
*chemicil  tests.  Others  have  been  determined  by  D**.  Wolff  as 
being  rhombohedral  cavities  filled  with  limonite  or  with  black 
oxide  of  iron.  The  iron  also,  at  times,  occurs  in  shapeless  bodies 
or  impregnates  the  other  carbonates,  suggesting  in  some  cases, 
as  shown  by  Dr.  Wolff,  that  the  latter  may  have  been  originally 
siderite  or  ferruginous  calcite.  Flakes  of  muscovite  mica  were 
also  found  in  one  of  the  specimens  examined.  He  describes 
one  specimen  as  '^composed  of  a  mass  of  chalcedonic  silica 
in  little,  fibrous,  irregularly  shaped  masses  which  often  cross  each 
other  at  right  angles  like  the  structure  of  cloth  or  are  ar- 
ranged radially.''  Larger  masses,  arranged  radially  in  imperfect 
spherulites,  are  interspersed.  There  is  a  large  amount  of  opaque 
ferruginous  material  (ferruginous  clay?)  scattered  about  in  small 
specks,  and  also  abundant  little,  more  or  less  cloudy  rhombohe- 
<]rons,  which,  from  their  form,  suggest  a  carbonate. 

A  second  specimen,  he  describes  as  containing  a  great  num- 
ber of  small  rhombohedrons  largely  filled  with  limonite  or  black 
oxide  of  iron.  Small  irregular  bodies  of  the  same  substance  oc- 
our  abundantly  in  the  specimen,  and  flakes  of  muscovite  are 
scattered  here  and  there  through  it. 

A  third  specimen  is  described  by  Dr.  Wolff  as  being  com- 
posed of  chalcedony  with  the  same  structure  as  the  first  Cloudy 
bands  are  seen  in  the  specimen  and  are  made  up  of  aggregates 
of  little  rhombohedrons  with  curved  surfaces,  evidently  repre- 
senting a  carbonate.  They  are  oflen  limonitic,  suggesting  that 
they  may  have  been  originally  siderite  or  ferruginous  calcite. 

A  specimen  of  a  highly  calcareous  part  of  the  chert  bod  was 
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tbiiDd  by  Dr.  Wolflf  to  be  "composed  principally  of  calcite  in 
irregular  grains  and  masses/^  cloudy  by  admixture  with  argilla- 
ceous (?)  material;  and  with  little  branching  areas  of  silica  among 
the  calcite  aggregations. 

The  presence  of  the  carbonate  rhombohedrons  in  chert  is  not 
an  unusual  occurrence,  and  is  simply  an  expression  of  the  chem- 
ical changes  which  have  gone  on  in  the  chert  since  its  de- 
position. Similar  crystals  occur  in  many  cherts  elsewhere^  and 
Mr.  L.  S.  Griswold*  has  found  them  in  the  novaculite  of 
southwestern  Arkansas. 

The  evidence  in  the  field,  seems  to  point  to  the  original 
deposition  of  the  cherts  as  a  siliceous  sediment,  separated  at 
varying  intervals  by  calcareous  deposits  of  greater  or  less 
thickness.  The  deposition  of  the  siliceous  and  calcareous 
tnaterials  seems,  sometimes,  to  have  taken  place  at  the  same 
time,  instead  of  at  separate  intervals,  thereby  giving  rise  to 
the  calcareous  cherts  and  the  siliceous  limestones  character- 
ietic  of  the  deposit.  The  theory  of  the  origin  of  chert  by  a 
replacement  of  carbonate  of  lime  by  silica  seems,  at  least  in* 
most  parts  of  this  region,  to  be  untenable  ;  on  the  other  hand 
the  presence  of  shale  and  sandstone  strata,  of  pockets  of  sand- 
"Btone  and  occasional  grains  of  sand  in  the  chert,  as  well  as  the 
Bharp  contact  often  seen  between  chert  and  limestone  strata, 
would  lend  support  to  thesupposition  that  the  chert  was  orig- 
inally a  siliceous  sediment,  not  of  the  coarseness  of  sand  but  in 
the  form  of  a  very  fine  siliceous  clay  or  mud,  such  as  is  repre- 
sented by  the  material  carried  down  by  many  rivers  at  the 
present  day.  The  presence  of  sand  in  such  a  deposit  is 
probably  to  be  accounted  for  by  the  temporary  increase  in 
speed  of  the  waters  carrying  the  sediments,  thus  bringing 
'sand  in  place  of  the  lighter  materials  usually  carried  by 
the  quieter   waters 

Fossils  in  the  Boone  chert. — Fossils  are  frequently  found 
in  the  chert  and  the  associated  limestones.  When  in  the 
"chert,  they  usually  occur  as  siliceous  casts,  the  carbonate  of 


'^  Sea  Vol.  III.,  anDual  report  of  the  Geological  Surref  for  1890. 
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lime  of  the  original  remains  having  been  leached  out  an^ 
hollow  spaces  left.  In  places,  these  cavities  are  so  num- 
erous as  to  give  the  rock  a  porous,  honeycombed  appearance^ 
A.11  the  specimens  collected  from  this  deposit  have  been  de- 
termined by  Dr.  H.  S.  Williams  as  belonging  to  the  lower 
part  of  the  Lower  Carboniferous  or  Mississippian  series.  (See 

page  115.) 

« 

THB   FAYBTTBVILLB   SHALB. 

Above  the  Boone  chert,  is  a  series  of  black  or  gray 
shales  with  thin  beds  of  siliceous  black  limestone  and  of  sand^ 
stone.     This   formation   has  been   named   the   Fayetteville 
shale  by   the  State  Geologist,  on  account  of  its  extensive 
development  near  the  town  of  that  name.*     Sometimes  in 
the  Batesville  region  it  consists  largely  of  dark  gray  or  black 
shale,  and  at  other  times  it  contains,  especially  at  its  base^ 
beds  of  highly  fossiliferous  black  limestone.    The  whole  seriea. 
is  highly  siliceous,  and  the  limestone  and  calcareous   shales, 
when  exposed  to  the  leaching  action  of  surface  waters,  give 
rise  to  a  very  porous,  light,   siliceous  skeleton.     Associated 
with  the  shales  are  often  found  iron  pyrites,  partly  oxidized 
nodules  of  carbonate  of  iron  and  calcareous  concretions,  the- 
latter  often  containing  fossil  remains.     The  thickness  of  the 
Fayetteville  shale  is   exceedingly   variable:  sometimes   the 
deposit    is    thin    and    the   overlying    Batesville  sandstone- 
comes  close  to  the  Boone  chert;  elsewhere  it  has  an   aggre- 
gate thickness  of  probably  over  200  feet.     Definite  estimates, 
of  the  thickness  of  this  formation  greater  than  190  feet  have> 
however,  not,  as  yet,  been  made  in  the  country  surrounding 
the  manganese  region,  though  it  doubtless  is,  in  some  places^, 
considerably  thicker  than  that. 

In  the  Batesville  region,  the  Fayetteville  shale  is  well  de- 
veloped in  the  neighborhood  of  Moorefield,  Sulphur  Rock,  and 
thence  south  to  the  White  River,  and  north  to  beyond  Sharp'a. 
Oross  Roads.     To  the  west,  between  Batesville  and  Penter'a 

<■  Fayetterille  ia  in  Washington  cmoty,  in  the  northwestern  part  of  Arkansas,  and  is  not. 
shown  on  the  map  accompanying  this  volume.  See  Vol.  IV.,  annual  report  of  the  Oeologioali 
Survey,  1888. 
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Bluff,  it  and  the  associated  limestones  are  seen  at  intervals 
between  the  areas  of  overlying  sandstones  and  the  underlying 
chert.  But,  in  this  region,  it  covers  a  much  smaller  area 
than  to  the  east,  and  its  outcrop  is  rarely  over  a  few  hun- 
dred yards  wide.*  Its  geologic  position  is  shown  in  the 
columnar  section  on  page  113. 

The  Fayetteville  shale  is  so  intimately  associated  with 
the  Batesville  sandstone  in  its  areal  distribution,  that,  in  the 
map  accompanying  this  volume,  one  color  is  employed  for 
both  formations. 

THE   BATESVILLE   SANDSTONE. 

Overlying  the  Fayetteville  shale,  is  a  sandstone  formation 
with  leaticular  beds  of  gray,  black  or  brown  shale.  This  forma- 
tion lies  on  both  sides  of  the  White  River,  reaching  to  the  area  of 
the  Fayetteville  shale  and  the  chert  hills  on  the  north,  and,  on 
the  south,  disappearing  under  the  overlying  rocks  Ht  the  foot  of 
the  Boston  Mountains.  It  is  well  developed  at  the  town  of 
Batesville  and  has  been  named,  by  the  State  Geologist,  the 
Batesville  sandstone.  It  consists  of  a  brown  or  buflf  colored,  fine 
grained  sandstone,  generally  soft,  though  sometimes  hard.  It 
splits  easily  along  the  lines  of  bedding,  in  slabs  varying  from  a 
few  inches  to  three  or  four  feet  in  thickness,  and  is  extensively 
worked  for  stru(;tural  purposes  at  Bartlett's  quarry,  in  Bates- 
ville. The  shales  in  the  sandstone  occur  as  lenticular  deposits,. 
often  ending  very  abruptly,  though  sometimes  traceable  for 
several  miles.  They  an  J  the  sandstones  appear,  in  many  places, 
to  be  mutually  replaceable.  The  thickness  of  the  Batesville 
sandstone  is  very  changeable,  varying  from  twenty  or  thirty  feet 
to  almost  two  hundred  feet.  One  mile  east  of  the  town  of 
Batesville,  on  the  bluffs  of  Blue  Creek,  it  shows  a  thickness  of 
170  feet,  and,  as  it  is  still  at  the  foot  of  the  bluffs,  it  is  probably 
thicker. 

Going  east  from  Batesville,  the    old  "  wire  road *^  follows^ 

^  Aj  already  aUted  oo  pages  110-111,  a  line  of  weakofts,  marked  by  occasion  !il  faults,  exists 
io  manj  places  west  of  BatesTille,  about  on  the  outcrop  of  this  ahale,  and  it  aeems  possible  that 
the  small  exposures,  in  some  places,  may  bs  due  to  this  faulting. 
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for  four  miles,  the  summit  of  a  high  ridge  of  Batesville  sand- 
stone, some  200  feet  above  the  White  River,  and  then  de« 
scends  to  the  level  of  the  underlying  shales. 

THE   FORMATIONS  COMPOSING   THE  BOSTON   MOUNTAINS. 

Boston  group. — The  Boston  Mountains,  as  already  stated, 
begin  on  the  east  at  the  western  edge  of  the  lowlands  of  New- 
port and  Oil  Trough  Bottom,  and  bear  thence  northwest  up  the 
south  side  of  the  White  Kiver.  They  rise  from  500  to  600  feet 
above  the  river  and  end  on  the  north  in  an  abrupt  escarpment. 
To  the  south  they  dip  of!  gently  in  a  broad,  sandy,  heavily 
timbered  highland.  They  form  the  southern  border  of  the 
White  Kiver  basin,  and  lie  to  the  south  of  the  manganese  area  of 
the  Batesville  region.  In  their  eastern  part,  these  mountains 
are  composed  entirely  of  Lower  Carboniferous  rocks  capped  by 
the  Millstone  grit,  but  in  the  northwest  part  of  the  stat^,  they 
become  much  higher  and  are  more  deeply  cut  by  steep  ravines,  in 
the  sides  of  which  the  underlying  Silurian  rock?  are  seen. 
In  the  north  face  of  the  mountains,  in  Independence  and  eastern 
'Stone  counties,  the  formations  are  often  well  exposed.  The 
Batesville  sandstone  disappears  under  the  mountains  at  their 
base,  and  above  it  is  a  series  of  shales,  limestones  and  sandstones, 
representing  the  Boston  group.  Their  sequence,  as  seen  in  the 
region  south  and  southwest  of  Jamestown,  is  shown  in  the 
columnar  section,  on  page  113.  The  shale  immediately  overlying 
the  Batesville  sandstone  forms,  in  many  places,  a  prominent 
feature  of  the  country.  It  has  been  named  the  Marshall 
shale  by  the  State  Geologist,  on  account  of  its  well  developed 
condition  in  the  neighborhood  of  the  town  of  that  name  in 
Searcy  county. 

Millstone  grit,—  The  Millstone  grit  overlies  the  rocks  of  the 
Boston  group  of  the  Lower  Carboniferous  and  represents  the 
uppermost  formation  of  the  Carboniferous  system  in  this  region* 
It  varies  considerably  in  thickness  and  reaches  a  maximum,  64» 
far  as  observed,  of  over  400  feet.  Possibly  further  investiga- 
tion will  show  it  to  have,  locally,  a  still  greater  development* 
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The  formation  was  determined  by  Owen*  as  early  as  1858,  as 
the  Millstone  grit,  and  since  then  later  investigations  have 
still  farther  strengthened  his  correlation.  *  The  rock  is  of  a 
buff  or  brown  color,  varying  from  soft  to  hard  and  compact. 
It  is  composed  of  sand  grains  of  various  sizes  and  frequently 
contains  well  rounded,  white,  siliceous  pebbles,  a  sixteenth  of 
an  inch  to  a  half  inch  in  diameter.  These  either  occur  as. 
isolated  pebbles  imbedded  in  the  sandstone,  or  form  the 
larger  part  of  a  conglomerate  with  a  sandy  matrix.  Such 
beds,  however,  do  not  form  any  prominent  feature  of  the 
sandstone,  being  of  a  very  limited  thickness  and  lateral  ex- 
tent. Sometimes  the  sandstone  assumes  a  shaly  or  fissile 
structure.  Frequently  it  is  highly  stained  with  iron,  giving 
it  a  rusty  appearance,  and,  in  some  places,  it  contains  small 
seams  of  iron  ore  (limonite). 

Tbe  Millstone  grit  caps  the  highest  parts  of  the  Boston 
Mountains  and  is  the  most  prominent  feature  of  the  region.. 
It  forms  an  almost  continuous  escarpment  en  the  summit  of 
tbe  northern  face  of  the  mountains,  at  times  receding  where 
creeks  have  cut  down  into  it,  and  at  others  protruding  in 
high  bluffs,  such  as  are  seen  at  Dean's  Mountain,  ffve  miles, 
west  of  Batesville,  and  elsewhere.  Ascending  the  steep 
slopes  of  the  Boston  Mountains  to  the  southwest  of  James- 
town, a  sandy  highland  is  reached,  underlain  by  this  bed  and 
heavily  covered  with  pine,  oak  and  other  timber.  This 
forms  the  southern  boundary  of  Independence  county  and 
extends  into  Cleburne  county  on  the  west,  and  to  the  head 
of  Oil  Trough  Bottom  on  the  east.  At  the  latter  place,  the 
mountains  end  abruptly,  in  the  same  way  as  at  Jamestown, 
showing  a  section  capped  by  four  hundred  feet  of  sandstone 
and  underlain  by  shales  and  black  limestones. 

THE  PLEISTOCENE  AND  RECENT   AREA. 

The  low  country,  already  mentioned  as  bounding  the  mount- 
ainous area  on  the  east,  has  not  been  studied  by  the  writer  and 
will,  therefore,  be  simply  mentioned  here.     It  is  covered,  at  least 

<■  A  Q«ological  Beoonnoiaaance  of  the  Northern  Counties  of  Arkansas,  D.  D.  Owen,  State- 
Geologist,  1858,  p.  187. 
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fiaperficially,  by  Pleistoceae  or  later  sedimentSi  in  the  form  of 
clay,  sand  and  gravel,  and  representfl  the  western  part  of  the 
Mississippi  bottom..  Between  this  area  and  the  Mississippi, 
however,  are  found  Tertiary  strata  in  Crowley's  Ridge,  which 
have  been  treated  in  detail  by  Professor  R.  E.  Call.^  Below 
Newport,  Tertiary  strata  occur  at  several  places  along  the  line  of 
the  St.  Louis,  Iron  Mountain  and  Southern  Railway  and  near 
the  base  of  the  Paleozoic  escarpment.  Hence  it  is  more  than 
probable  that  the  area  in  question  is  also  underlain  by  Tertiary 
beds  and  that  it  represents  a  part  of  the  northern  extension  of 
the  Mississippi  embayment  which,  in  Tertiary  times,  extended  up 
the  river  into  this  region.  It  is  very  probable  that  a  further  in- 
vestigation of  this  region  will  prove  the  local  existence  of  Ter- 
tiary beds  on  the  surface,  but  in  the  absence  of  evidence  to  this 
effect,  and  in  view  of  the  fact  that  the  predominating  surface 
materials  are  Post-Tertiary,  the  area  has  been  provisionally 
marked,  on  the  map  of  the  Batesville  region,  as  Pleistocene  and 
Recent. 

The  gravel  varies  in  size  from  pebbles  a  fraction  of  an  inch 
to  over  twelve  inches  in  diameter.  It  is  more  or  less  rounded 
and  is  composed  mostly  of  chert,  with  smaller  quantities  of  sand- 
stone and  quartzite.  It  is  frequently  associated  with  sand  or 
clay,  or  both,  either  as  interbedded  strata  or  as  an  intimate  mix- 
ture. 

The  gravel  is  especially  well  represented  on  the  Paleozoic 
escarpment  at  the  junction  of  the  lowlands  and  the  high- 
lands. It  probably,  in  some  places,  reaches  a  depth  of  over 
75  feet.  It  frequently  conceals  the  underlying  Paleozoic 
rocks  over  areas  of  several  square  miles,  but  occasionally  a  deep 
ravine  has  cut  down  to  its  base,  or  a  rocky  knob  protrudes 
through  it,  proving  the  existence  of  rocks  similar  to  tho^ie  found 
in  the  less  heavily  covered  country  to  the  west.  The  gravel 
continues  to  occur  as  a  heavy  revering  for  from  one  to  five  or 
six  miles  back  from  the  escarpment.  Beyond  this,  it  forms  a 
less  prominent  feature  of  the  country  and,  though  never  entirely 

*  See  Vol.  II.,  annual  report  G^logieal  Survej  for  1889. 
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absent  over  any  considerable  area,  it  is  much  thinner  and  occurs 
in  isolated  patches.  In  this  region  it  usually  occurs  on  the  tops 
^f  the  hills,  sometimes  as  scattered  pebbles  and  at  other  times  in 
beds  twenty  and  thirty  feet  thick.  Some  of  these  hills  rise 
400  to  500  feet  above  the  level  of  the  White  Biver.  In 
the  neighborhood  of  Cushman,  and  thence  east  to  Dota  Creek 
"and  north  to  Barren  Fork,  it  is  found  on  many  of  the  highest 
hills.  Most  of  the  hills  of  this  region  are  capped  with  chert,  the 
-t^haracteristic  surface  of  which  is  a  mass  of  loose  angular  cherty 
fragments  resulting  from  the  weathering  of  the  underlying  bed. 
These  have  become  mixed  with  waterworn  material  in  varying 
f>roportions,  and,  as  a  result,  rounded  pebbles  are  often  found 
^t  a  depth  of  ten  feet  or  more  in  loose  angular  chert. 


CHAPTER  VII. 
THE  BATE3VILLE  REGION  OF  ARKANSA8.-Q>n<tnu«rf: 

MINERALOQICAL  FORMS  OF  THE  MANGANESE  ORES. 

General  statement — All  the  manganese  ores  of  the  Batesville- 
region  are  oxides  of  manganese  in  various  mineralogical  forms. 
There  are  two  principal  varieties  of  these  minerals:  one  massive  and 
representing  the  mineral  psilomelane;  the  other  crystalline  and 
possibly  representing  the  mineral  braunite.    Between  the  massive 
and  the  crystalline  forms  there  are  all  gradations  in   degree  of* 
admixture;  the  one  blends  into  the  other,  and  it  is  often  im- 
possible   to  draw  a   sharp  line   of  demarcation.     The   massive 
variety  almost  always  contains  some  of  the  crystalline   variety, 
which,  at  first,  exists  only  as  minute  crystalline  specks  scattered 
through     the    massive  matrix,  but    becomes  more   and    more 
plentiful,  until  the  whole  material  merges  into  a  coarsely  crystal- 
line aggregate. 

Besides  these  two  principal  form'4  of  manganese  oxides, 
there  are  also  found  smaller  quantities  of  pyrolu'site  and  of  wad. 
Possibly  further  investigation  may  show  the  existence  of  still 
other  varieties  of  the  manganese  oxides,  though  the  analyses  so 
far  made,  have  not  proved  the  presence  of  either  manganite  or 
hausmanuite;  nor  has  any  evidence  of  the  existence  of  polianite 
yet  been  found  in  the  region  in  question. 

As  early  as  1858,  Dr.  Wra.  Elderhorst,.chemist  of  the  Geo- 
logical Survey  of  Arkansas  under  Dr.  David  Dale  Owen,  gave 
analyses  of  manganese  ores^  from  Independence  and  Izard 
counties,  and  described  three  samples  of  psilomelane,  one  of  wad^ 
and  one  which  he  considered  probably  braunite.  These  are  further 

*  First  Report  of  a  Geological  Reconnoisance  of  the  Northern  Counties  of  Arkansrs,  185T 
1858,  pp.  161-169. 
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referred  to  lu  the  following  pages.  Below  are  given  descriptious 
and  analyses  of  typical  samples  of  the  different  oxides  of  man- 
ganese collected  in  the  Bjitesville  region  by  the  present  Survey. 

PMomelane. — Specimen  from  Cave  Creek,  nine  miles  north 
of  Batesville,  Independence  county.  This  is  a  dark,  steel-blue 
or  black,  massive  mineral ;  opaque ;  lustre  submetallic ;  streak 
brown  ;  fracture  smooth,  conchoidal ;  hardness  6.  Its  specific 
gravity  is  3.72.  The  mineral  occurs  in  irregular  masses,  some* 
times  reniform  and  botryoidal,  sometimes  porous  and  with  ap- 
parently no  physical  structure. 

With  fluxes  it  gives  manganese  reactions ;  in  hydrochloric 
acid  it  dissolves  with  the  evolution  of  chlorine. 

An  analysis  made  by  Dr.  R.  N.  Brackett,  Chemist  of  the 
Survey,  of  this  material  dried  at  110^-115^  Centigrade  gave  the 
following  results  : 

Analysis  of  psilomelane  from  the  Batesmlle  region. 

Manganese  protoxide  (MnO)„ 77.85 

Oxygen  (O) „ 14.56 

Ferric  oxide  (FeaOt) 0.90 

Alumina  (AlaOi) 0.80 

Lime  (CaO).....». ^^ .,  1.81 

Baryta  (BaO) 0.21 

Magnesia  (MgO) j  ^^'^^"^^ 

Potash  (K2O) 1.99 

Soda  (NaaO) 0.97 

Phosphoric  acid  (PaOs) 0.67 

Silica  (SiOa) 0.83 


100.59 


The  analysis  and  the  physical  properties  of  the  mineral 
show  it  to  be  a  psilomelane.  Rammelsberg*  describes  psilome- 
lane under  two  different  headings,  those  varieties  high  in  baryta 
being  classed  as  baryta-psilomelane,  and  those  low  in  baryta  and 
high  in  potash  being  classed  as  potash-psilomelane.  The 
specimen  in  question,  as  compared  with  other  varieties  of 
psilomelane,  is  low  in  baryta  and  does  not  contain  as   large  a 

^  Handbuch  der  Mineralchemie,  second  edition,  1875,  pp.  189-192. 
10  Geological,  Vol.  i.,  1890. 
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percentage  of  potash  as  some,  but  can  be  included  under  the 
head  of  potash-psilomelane.  Its  specific  gravity  (3.72)  is  low» 
but  is  within  the  limits  given  by  Prof-  J.  D.  Dana*  (8.7-4.7), 
The  mineral  contains  numerous  small  cavities  which,  possibly, 
may  partly  account  for  the  low  specific  gravity  obtained.  The 
specific  gravity  was  determined,  however,  with  a  powdered 
sample,  so  as  to  avoid  this  source  of  error  as  far  as  possible. 

The  following  two  analyses  of  potash-psilomelane,  the  first 
(1)  from  Ilmenau,  Germany,  f  and  the  second  (2)  from  Schnee- 
bers:,  X  Germany,  are  given  for  comparison  with  the  Arkansas 
specimen. 

Analyses  of  Oemian  psilomelane. 


Manganese  protoxide  (MnO). 

Oxjgen  (O) 

Copper  oxide  (OaO) 

Lime  (OiO) 

Baryte  (BaO) 

Magnesia  (MgO)» 

Potash  (K2O) 

Water  (H2O) ^ 


Piilomelane 

from 

Ilmenau. 


77.28 

16.82 

0.40 

0.91 

0.12 


6.29 


99.77 


Psilomelane 

from 
Schneeberg. 


80.27 
14.10 


1.05 


4.35 
0.23 


100.00 


The  following  descriptions  and  analyses  of  specimens  of 
psilomelane  from  the  Bates ville  region  are  given  by  Wm,  Elder- 
horst.  Chemist  of  the  former  Geological  Survey  of  Arkansas 
under  D.  D.  Owen  :  || 

'^  No.  20.  Psilomelane,  from  the  main  manganese  mine,  two 
miles  above  west  fork  of  Lafferty  Creek,  Independence  county  : 

'^  Massive ;  lustre  submetallic  ;  color  between  dark  steel-gray 
and   iron-black ;  hardness,  5.5 ;  fracture  subcrystalline,  hackly, 

*  System  of  Mineralogy,  flXth  edition,  1888,  p.  180. 

t  Analyzed  by  Olausbruch,  quoted  by  C.  F.  Bammelsberg,  Handbuch  der  Mineral - 
•chemie,  second  edition,  1876,  p.  190. 

X  Analyzed  by  Schultz,  quoted  by  C.  F.  Bammelsberg,  Ibid.,  p.  190. 

I  First  Report  of  a  Oeological  fieconnoissance  of  the  Northern  Counties  of  Arkansas, 
P.  D.  Owen,  State  Geologist,  1868,  pp.  161-16S. 
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somewhat  reseiubliug  the  fracture  of  oast  iroa ;  brittle ;  strikes 
fire  with  steel ;  powder  reddish-brown. 

'' Before  the  blowpipe,  infusible  alone ;  onoharcoal  in  reduc- 
tion flame  becomes  reddish-brown;  in  a  matrass^  yields  water  ; 
with  fluxe8y  gives  the  manganese  reactions.  Dissolves  in  hydro- 
^^hloric  acid  with  evolution  of  chlorine,  leaving  a  small  residue  of 
dlica.     *     *     *  >' 

^'  The  air-dried  mineral  lost  0.53  per  cent  of  moisture  at  250 
degrees  F.^' 

The  composition  of  the  specimen  dried  at  250^  Fahrenheit 
is  given  as  follows  : 

Analysis  of  psilomelane  from  the  Batesville  region. 

Manganese  protoxide  (MoO) S4.996 

Oxygen  (O) 10.488 

Lime  (OaO) trace 

Baryta  (BaO) «.  0.512 

Water  (H,0) 1.820 

Smca(SiO0 , 2.845 

100.655 

"  No.  21.    Psilomelane,  from  same  locality  as  No.  20. 

"  Massive ;  close-textured ;  color  bluish  steel-gray;  hard- 
ness 5.5;  fracture  splintery  and  subconchoidal;  brittle;  strikes 
fire  with  steel;  powder  reddish-brown. 

"  Before  the  blowpipe,  and  to  reagents,  behaves  like  the 
preceding. 

'^The  air-dried  mineral  lost  1.02  per  cent  of  moisture  at 
^50  deg.  F. " 

The  composition  of  the  specimen  dried  at  250°  Fahren- 
lieit  is  given  as  follows  : 

Analysis  of  psilomelane  from  the  Batesville  region. 

Manganese  protoxide  (MuO) 82.448 

Oxygen  (O) «  10.0«2 

Lime  (CaO) 1.178 

Baryta  (BaO) ..^ 0.282 

Magnesia  (MgO) trace 

Water  (H,0) „ 0.611 

Silica  (SiOa) 6.829 

99.850 
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BrauniU. — Specimen  from  the  Sullivan  Creek  fork  of 
Polk  Bayou,  ten  miles  north  of  Batesyille,  Independence 
county.  This  is  a  dark,  iron-gray  or  black  mineral,  forming 
a  coarsely  crystalline  aggregate  with  a  marked  cleavage,  the 
crystallographic  position  of  the  cleavage  being  uncertain;: 
lustre  submetallic;  streak  dark  chocolate-brown ;  hsirdness 
5  to  5.5.  Its  specific  gravity,  as  determined  by  the  Chemist 
of  the  Survey,  is  4.50. 

With  fluxes  it  gives  manganese  reactions ;  it  dissolves 
in  hydrochloric  acid  with  the  evolution  of  chlorine. 

The  following  analysis  was  made  mostly  by  Dr.  B.  N«. 
Brackett  and  partly  by  Prof.  W.  A.  Noyes.  It  shows  the 
composition  of  the  mineral  dried  at  110^-1 15°  Centigrade. 

Analysis  of  braunite  from  the  BatesviUe  region. 

Per  cent.    Ratio. 
Maoganete  protoxide  (MnO)...    87.47       1.2S2       2.05 

Oxygen  (O)........ 9.62       0.601       1.00 

Ferric  oxide  (FeaO,) 0.44 

Alumina  (Al.O,) 0.11 

Lime  (OaO) «  0.84 

Baryta  (BaO) 0.48 

Magnesia.  (BfgO) trace 

Potash  (K,0) 0.10 

Soda  (Na,0) 0.05 

Phosphoric  acid  (PaO.).. 0.25 

Silica  (SiO.) 0.18 

99.04 

It  will  be  observed  that  the  ratio  of  MnO  to  O  is  almost 
exactly  as  2  : 1,  which  is  the  theoretical  ratio  of  manganese 
sesquioxide  (MnjOa).  It  will  also  be  noticed  that  the  analysis 
shows  less  than  2  per  cent  of  ingredients  other  than  MnO 
and  O,  and  the  mineral  is  therefore  a. very  pure  MujO,. 
Though  the  mineral  occurs  as  a  compact  crystalline  aggre- 
gate and  not  as  isolated  crystals,  it  seems,  judging  from  its 
general  appearance  and  its  physical  characteristics,  to  be 
homogeneous.*  In  some  other  specimens  of  a  similar  material 

*The  original  specimen  contained  Inclusions  of  a  masslye  or  semi-crystalline  oxide  of 
manganese,  but  the  sample  analyzed  was  carefully  separated  from  this  and  was  composed  only^ 
of  the  coarsely  crystalline  parts. 
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there  were  found  some  very  small  crystals,  apparently  tetrag- 
onal pyramids,  suggesting,  from  their  general  form,  that  they 
might  be  braunite.  Hausmannite  crystallizes  in  the  same 
«ystem,  but  the  above  analysis  does  not  show  any  close  re- 
lation to  the  composition  of  that  mineral.  The  analysis 
€how8  a  mineral  resembling  in  all  respects  a  braunite  without 
silica,  and  the  physical  features  of  the  specimen,  as  far  as 
they  can  be  distinguished,  are  also  those  of  braunite. 

Wm.  Elderhorst,*  in  1868,  gave  an  analysis  of  a  specimen 
•of  manganese  oxide  from  the  Batesville  region  which  he 
considered  probably  braunite.  It  contained  9.968  per  cent 
•of  silica,  and  came  from  the  same  region  as  the  specimen  in 
-question,  in  which  practically  no  silica  was  found  (0.18  per 
cent).  It  was  massive,  however,  so  that  the  chemical  relation 
of  the  silica  to  the  oxide  of  manganese  was  uncertain. 
Elderhorst  describes  the  specimen  and  discusses  the  analysis 
«s  follows : 

**  No.  23.     Braunite  (?),  from  Poke  Bayou,  Marion  county .f 

''  Massive;  texture  finely  granular;  lustre  submetallic;  color 
•dark  steel-gray ;  hardness  6.5;  strikes  fire  with  steel;  powder 
grayish-black;  much  more  easily  reduced  to  powder  than  the 
two  preceding  minerals ;  weathered  surface  shows  brown  spots  of 
hydrate  of  peroxide  of  iron. 

''  Before  the  blowpipe,  infusible ;  on  charcoal  in  reduction 
flame,  becomes  pale  reddish-gray  at  the  point  of  contact,  with  the 
•charcoal ;  in  a  matrass,  yields  a  little  water;  with  fluxes,  gives 
the  manganese  reactions. 

**  Dissolves  in  hydrochloric  tfcid  with  evolution  of  chlorine, 
leaving  a  residue  of  silica.     Composition  dried  at   220  deg.  F. : 

Protoxide  of  manganeie  (MnO) ^....  75.886 

Ft  ee  oxygen  (O) 7.979 

Pei oxide  of  iron  (Fea0«)- 8.628 

Oxide  of  cobalt  (OoO) „ trace 

Lime  (CaO).. 1.888 

Magnesia  (MgO) ^ 0.192 

Water  (H2O) «  1.295 

Silica  (81O2) 9.9«8 

100.176 

^  First  Report  of  a  Geological  Reoonaoissanceof  the  Northern  Oounties  of  Arkantaa, 
t>y  D.  D.  Owen,  1858,  pp.  164-165  and  169. 

t  Tbls  reference  to  Marion  countj  is  doubtless  a  mistake  for  Independence  oountj,  as 
Dr.  Elderhorst  refers  in  hU  report  to  having  received  the  specimen  in  Batesrille,  Independ- 
ence countT.    Besides,  Poke  B^you,  now  spelled  Polk  Bajou,  is  in  Independence  coanty  and. 
ttot  in  Marion. 
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**  The  air-dried  mineral  lost  0.1  per  cent  of  moisture  at  220 
deg,  F.     *     *     * 

''  Proceeding  in  the  same  manner  with  the  analysis  of  No*. 
28^  that  is,  rejecting  silicic  acid  and  peroxide  of  iron,  and  calcu^ 
lating  the  remainder  for  100,  we  have : 

Protoxide  of  manganese  (MnO) 86.96 

Oxygen  (0)«...^ 9.20 

Ume  (CaO) - 2.12 

Magnesia  (MgO) „  0.22 

Water  (H,0) 1.50 


100.00 

^'  86.96  parts  of  protoxide  of  manganese  consist  of  67.41  of 
manganese  and  19.66  of  oxygen ;  hence  we  have,  in  toto,  67.41 
manganese  to  28.76  oxygen,  corresponding  to  the  ratio  : 

69.68Mn :  29.72  O; 

The  compound  MnjOj  requires 69.68Mn  :  30.42  O; 

so  that  the  mineral  may  be  considered  as  a  sesquioxide  of  man- 
ganese, or  braunite,  under  the  supposition  that  we  are  justified  in 
rejecting  lime,  magnesia,  and  water  as  adventitious.  But  if 
these  bases  have  to  be  taken  into  consideration,  and  the  free 
oxygen  is  united  with  a  portion  of  the  protoxide  of  manganese 
to  the  formation  of  peroxide,  we  have : 


Peroxide  of  manganese  (MnOi)..... 

60.10  contains' 0 

Protoxide  of  manganese 

(Mn0)« 

46.06  contains  0 

10.86 

Lime(CaO) 

2.12  contaiDB  0 

0.60 

Magnesia  (MgO) 

0.22  contains  0 

0.08 

Water  (H,0) 

1.50  contsins  0 

1.88 

18.40 


12.87 


"Here  the  oxygen-ratio  of  RO :  MnOg  is  nearly  as  4  :  6> 
which  would  lead  to  the  formula 

4  (MnO.  CaO.  MgO.  HO).  3  MnO^.'' 

It  is  evident  from  Eiderhorst's  discussion  of  the  mineral^ 
that  he  considered  the  silica  in  it  to  be  an  accidental  ingredient^ 
but,  at  that  time,  the  nature  of  the  siliceous  braunites  was  notsa 
well  understood  as  at  present. 

The  composition  of  pure  braunite  has  for  a  long  time  beeu 


THE  BATESVILLB  REGION  OF  ARKANSAS.  151 

a  matter  of  considerable  discussion  and,  in  some  respects,  still 
continues  to  be  an  uncertain  question.  The  mineral  is  stated  by 
most  authorities  to  contain  silica  in  chemical  combination, 
and  various  formulas  are  given  to  explain  the  relation  of  the 
silica  and  the  manganese.  Some  authors,  however,  describe 
braunite  as  a  sesquioxide  of  manganese  frequently  contain- 
ing silica  as  a  mechanical  admixture,  while  others  think  it  is 
a  combination  of  one  molecule  of  protoxide  and  one  of  per- 
oxide of  manganese. 

Turner*  obtained  the  formula  MnjOs  for  a  specimen  of  the 
mineral  braunite  from  Elgersburg,  Germany.  He  noted  a  siliceous 
residue  on  dissolving  the  mineral,  but  referred  to  it  simply  as  & 
trace.  On  the  other  hand,  the  later  investigations  of  Bammels* 
berg,t  Dr.  Penfield:^  and  others  have  shown  certain  specimens 
of  braunite  to  contain  from  7.4  to  over  8  per  cent  of  silica 
in  chemical  combination.  Rammelsberg  found  7.4  to  8.6  per 
cent  of  silica  in  pure  crystals  of  braunite  from  the  same  locality 
(Elgersburg)  as  the  sample  already  referred  to,  in  which  Turner 
found  no  silica. 

Rammelsberg  §  originally  considered  braunite  to  be  a  com- 
bination of  sesquioxide  of  manganese  and  the  silicate  of  the 
protoxide  of  manganese,  having  the  formula  3  MnjOj+MnSiOj. 
In  later  investigations,  however,  he  found  that,  by  heating  the 
mineral  with  nitric  acid,  a  greater  percentage  of  the  protoxide 
was  obtained  than  would  be  afiForded  by  the  silicate  in  the  above- 
formula  ;  also,  that  the  amount  he  obtained  approached  that, 
which  would  be  given  if  the  sesquioxide  (MnjOs)  in  the  formulai 
were  considered  to  be  composed  of  MnO  and  MnOj.  Therefore 
he  proposed  ||  the  following  formula: 


MnO  + 


MnOj 


SiO^ 


J.  D.  Dana,  on  the  other  hand,  though  he   considers  the 

*  Trans.  Roy.  Soc.  Edinburgh,  Vol.  XI. 

t  Handbuch  der  Miner alchemie,  second  edition,  1875,  pp.  160-161. 
X  Unpublished  results,  see  page  158  of  this  repoit. 
I  Handbuch  der  Mineralchemie,  second  edition,  1875,  page  160. 
I  Handbuch  der  Mioeralchemie,  1875 ;    Supplement  to  second  edition,  1886,  page  52. 
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silica  iu  braunite  to  be  combined  with  manganese,  gives  a  diflfer- 
«nt  formula  :  he  calls  attention  to  the  close  relation  of  the  crys- 
tallization of  the  mineral  to  that  of  rutile,  and  shows  that  this 
relation  is  brought  out  in  the  formula  2  (2  MnO,  Mn02)+ 
MnOjfSiOs,  which  represents  the  mineral  ^'as  corresponding  to 
2  of  hausmannite  and  2  of  a  silicate  analogous  to  zircon,  with 
which  silicate  also  it  is  isomorphous.''* 

Tbchermak  f  gives  the  formula  of  braunite  as  the  simple 
«esquiozide  (MnjO,).  Hermann]:  distinguishes  between 
braunite  with  silica  and  braunite  without  silica  :  in  the  case  of 
the  latter,  he  rejects  the  formula  MujO,  and  substitutes  MnO+ 
MnOj,  a  suggestion  that  is  also  accepted  by  Gustav  Rose  as 
explaining  why  the  mineral  was  not  isomorphous  with  hematite 
{FejOs).  He  explains  the  occurrence  of  baryta  and  silica 
in  some  varities  of  braunite^  by  supposing  that  the  baryta  com- 
bined with  MnO|  and  the  silica  with  MnO^.  He  proposes, 
therefore,  to  separate  the  braunite  containing  no  silica  from  the 
braunite  containing  silica,  by  confining  the  latter  to  the  name 
Marceline,  a  name  already  given  to  a  siliceous  variety  of  braunite 
from  St.  Marcel,  in  Piedmont. 

Bauerjl  describes  braunite  as  an  isomorphous  mixture  of 
MnOyMnOj  and  MnO^SiOj  in  which  part  of  the  MnO  is  replaced 
by  BaO. 

The  analyses  by  Rammelsberg  and  by  Turner  of  the  El- 
gersburgs  pecimens,  and  those  of  the  Arkansas  specimens  are  sum- 
marized in  the  accompanying  table.  It  will  be  seen  that  while  one 
sample  from  Elgersburg  contains  8.63  per  cent  of  silica,  the  other 
ehows  no  silica ;  and,  in  a  similar  manner,  while  one  sample 
from  Arkansas  shows  9.968  per  cent  of  silica,  the  other  shows 
only  0,18  per  cent.  Hence  it  would  appf'ar  that  there  may  exist 
two  forms  of  braunite,  one  containing  silica  in  chemical  com- 

*  System  of  Mineralogy,  fifth  edition,  1888,  p.  183. 

t  OastAT  TBchermak,  Lehrbuch  der  Minendogle,  second  edition,  1885,  p.  897. 

X  Cited  by  Naamann-Zirkel,  Elemente  der  Mineralogie,  1885,  p.  884. 

g  Max  Bauer,  Lehrbucli  der  Mineralogie,  1886,  pp.  317-318. 
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^ination  and  with  a  formula  differently  written  by  various 
authorities ;  the  other  containing  no  silica  and  representing  a 
simple  sesquiozide  of  manganese  (Mn^Os).  The  exact  chemical 
structure  and  relations  of  the  two  materials,  however,  must  be 
left  for  future  analyses  to  determine.* 

Analyses  of  Qerman  and  Arkansas  braunite. 


CONSTITUENTS. 


MangMiese  protoxide  (MnO) 

Oxygen  (O) 

Ferric  oxide  (FeaOa) 

Alamina  (AlaOa) 

Cobalt  oxide  (CoO) 

L.ime(CaO) 


••••••   ••••••••••••• 


BaryU  (BaO) 

Magnesia  (MgO).. 

Potash  (KiO) ^ 

Soda  (NaaO) 

Water  (HtO) 

Phosphoric  acid  (PaOe)^. 

Silica  (8iO,) 

Total 


ELOBBSBURO 

BRAUNITE. 


K 

1 


I 

a 


80.94 
8.06 


0.91 
.0.44 


1.00 


8.68 


100.00 


o 

0 


I 

"a 

a 
< 


86.95 
9.86 


2.25 


0.95 


100.00 


ARKANSAS 

BRAUNITE. 


is 

a 


75.886 
7.979 
8.528 


traoe 
1.888 


0.192 


1.295 


9.968 


100.176 


1l 


87.47 
9.62 
0.44 
0.11 

0.84 
0.48 
trace 
0.10 
0.06 

0.25 
0.1S 


99.04 


*  After  the  manuscript  of  the  present  report  htd  gone  to  press,  the  following  analyses  of 
brauuite  from  Ilmenau,  Thuringer  Wald,  heretofore  nnpublished,  were  obtained  from  Dr.  S. 
L.  Peofield,  of  Yale  College,  who  has  kindly  consented  to  their  being  pablished  here.  They 
were  made  by  him  of  carefully  selected  crystals  (Yale  College  Collection  No.  2111)  of  a 
•pecific  grayity  4.818.  They  show  a  typical  case  of  pure  braanite  containing  8.15-8.28  per 
-^ent  of  silica. 

Manganese  protoxide  (MnO) 80.90       81.09 

Oxygen  (0) ^,      8.07         7.90 

Ferric  oxide  (Fe'tOa) OM        0.81 

Soda  (NaiO) 0.84  0.28 

Water  (HfO) 0.85  0.85 

Silica  (SiOa) «. 8-18  «-28 

98.40  98.88 
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(3)  PyrolusUe, — Besides  the  varieties  of  man^nese  oxide& 
already  described,  a  crystalline  pyrolusite  sometime^  occara 
in  the  Batesville  manganese  region.  It  is,  however,  in  mach 
smaller  quantities  than  the  ores  already  mentioned,  and  exists  in 
thin  layers  and  irregular  masses  associated  with  them.  Some-^ 
times  it  fills  cavities  and  cracks  in  the  ore-bearing  clay^  appearing 
to  be^  possibly,  a  secondary  product,  from  the  other  ores.  It  is. 
a  black  to  iron-gray  mineral ;  opaque ;  lustre  submetallio  x, 
streak  black  ;  hardness  2.  It  is  sometimes  easily  crumbled  in  the^ 
fingers.  It  usually  occurs  as  a  finely  granular,  crystalline  aggregate. 

This  ore  is  found  in  only  a  few  places,  and  does  not  exist  in 
quantities  large  enough  to  warrant  its  separation  from  the  other 
ores. 

(4)  Wad. — The  variety  of  wad  known  as  bog  manganese, 
sometimes  occurs  in  the  Batesville  region.  It  is  usually  in  a 
black,  earthy  form,  frequently  showing  glossy  slickensides,  and 
having  a  hardness  of  from  1  to  3.  It  is  associated  with  more  or 
less  iron,  silica,  alumina,  and  water,  the  last  sometimes  amounting^ 
to  from  10  to  16  per  cent. 

PHYSICAL   FORMS  OF  THE   MANGANESE  ORES. 

The  different  mineralogical  forms  of  manganese  ores  in  the 
Batesville  region  exhibit  themselves  in  various  physical  shapes^ 
They  usually  occur  as  loose  lumps,  varying  in  size  from  almost, 
microscopic  grains  to  masses  weighing  several  tons.  At  times^ 
however,  more  or  less  solid  bodies  of  ore,  containing  several 
hundred  tons,  occur.  Sometimes  the  separate  masses  have  a 
distinctly  concretionary  form,  and  at  other  times  they  are  simply 
irregularly  shaped  bodies,  showing  no  structure  whatever.  For 
the  sake  of  convenience  in  description,  the  different  physical 
forms  of  the  ores  are  here  enumerated.  They  occur  either  together 
or  separately. 

(1)  A  shapeless  mass  of  crysialline  or  non-crystalline  ore^, 
containing  numerous  irregular  cavities  from  a  sixteenth  of  an 
inch  to  one  inch  in  diameter.  These  cavities  are  usually  lined  or 
filled  with  an  impalpable  clay  of  varied  colors,  black,  chocolate^ 
brown,  red,  yellow,  or  buff.    Sometimes  the  cavities  are  filled 
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with  calcite  instead  of  clay.  It  is  probable  that  all  the  cavitiea 
were  once  filled  in  this  way,  but  have  since  been  acted  on  by* 
surface  water,  the  calcite  dissolved  and  a  residue  of  clay  left. 

This  variety  of  ore  is  the  most  common  form  in  the  man-^ 
ganese  region. 

(2)  Massive  or  semi-crystalline  ore,  showing  a  slight  tend- 
ency towards  a  concretionary  structure,  and  often  containing^ 
lenticular  cracks,  either  empty  or  containing  black,  chocolate- 
brown,  red,  yellow,  or  buff  clay.  These  cavities  resemble  the- 
shrinkage  cracks  seen  in  nodules  of  clay  ironstone.  This 
variety  of  ore  is  of  common  occurrence,  but  not  so  generally 
distributed  as  the  last. 

(3)  Massive  ore  showing  a  concretionary  structure.  The^ 
concretions  are  generally  small,  varying  from  the  size  of  a 
mustard  seed  to  two  or  three  inches  in  diameter.  The  smaller 
ones  often  approach  a  globular  form,  but  the  larger  are  usually 
lenticular  and  resemble  large  buttons,  being  locally  known  a» 
^^button  ore.'^  They  often  contain  cracks  similar  to  those  in 
the  last  variety  of  ore  mentioned.  The  smaller  concretions, 
occur  in  several  places  on  Polk  Bayou ;  the  larger  at  the  Cason 
property,  the  Pitman  place,  and  elsewhere.  (See  chapters  IX.. 
and  X.)  These  concretionary  varieties  of  ore  are  rarer  than  the 
others  mentioned  above. 

(4)  Loose  nodules  of  an  irregular  shape  from  one  inch  Uy 
twelve  inches  in  diameter,  with  a  smooth,  dull  brown  surface  and 
a  coarsely  crystalline  interior.      These  masses  are  usually  solids 
throughout,  very  heavy,  and  show  no  internal  evidences  of  con- 
cretionary structure.     If  ady  once  existed  it  has  been  destroyed 
by  the  crystallization  of  the  nodules.     This  variety   is   rare:  it. 
occurs  in  the  Coon  Creek   region,    in    places  on   West  Lafierty 
Creek,  and  elsewhere  in  smaller  quantities. 

(5)  Shapeless  masses  of  a  soft,  dull,  earthy,  porous  ore«. 
often  containing  hard  spots  of  massive,  steel-gray  ore.  This 
form  occurs  in  many  places  in  the  manganese  region. 

(6)  A  massive,  hard,  black  ore  in  stalacitic  forms.     This, 
variety  is  rare. 

(7)  A    black,   or  dark    chocolate-brown    manganiferoua. 
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x^lajy  BonaetiQies  contaiQing  wad,  or  bog  oQangaQese.  This  is 
too  low  grade  to  be  ased  as  an  ore,  but,  as  it  sometimes  contains 
from  ten  to  twenty  per  cent  of  manganese,  it  is  classified  here.  It 
lias  been  shipped  for  a  coloring  material  for  dark  brown  bricks 
and  for  other  purposes.  (See  Brooks  minCi  chapter  IX.)  It 
is  often  found  enclosing  the  different  varieties  of  ore  mentioned 
•above.  In  most  cases  it  doubtless  represents  a  residual  clay 
derived  from  a  limestone  which  once  contained  manganese  in  a 
finely  divided  state,  but  which  has  since  been  decomposed.  It 
has  sometimes  been  solidified  into  a  soft,  earthy  mass,  with  slick- 
onsides  showing  bright,  glossy  surfaces.  It  is  often  locally 
mistaken  for  plumbago.  In  many  places  it  forms  the  cement  of 
•a  chert  breccia. 

In  conclusion  it  may  be  said  that  the  mammillary, 
^botryoidal,  and  kidney-shaped  forms  in  the  ore  are 
much  more  rarely  seen  in  the  Batesville  region  than  io  the 
Virginia  and  Georgia  manganese  regions.  In  the  last 
^wo  regions  they  are  often  the  characteristic  forms,  while 
the  ore  in  the  Batesville  region  tends  more  to  retain  the 
original  condition  which  it  had  when  it  existed  as  lenticular 
layers  in  the  St.  Clair  limestone  ;  and  the  masses  now  found 
in  the  residual  clay,  though  sometimes,  as  at  the  Cason  place 
and  elsewhere,  of  a  distinctly  concretionary  or  nodular  form, 
iare  very  often  simply  fragments  of  the  larger  bodies. 

Miners^  names  of  the  or6«.-r For  the  sake  of  reference,  the 
names  commonly  used  by  the  miners  to  designate  the 
difierent  physical  forms  of  manganese  ores  in  the  Batesville 
region  are  given  as  follows : 

(1)  ^'Lump  ore.^'  This  means  masses  of  ore  large  enough 
to  pick  out  of  the  enclosing  clay  without  the  assistance  of 
the  washer. 

(2)  "  Wash  dirt. "  This  means  clay  containing  numer- 
t)us  fragments  or  nodules  of  ore  too  small  to  pay  for  hand- 
picking,  and  therefore  sorted  by  means  of  a  washer. 

(3)  "  Shot  ore. "  This  means  a  variety  of  small  frag- 
ments or  nodules  of  ore  the  size  of  mustard  seed,  or  a  little 
larger. 
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(4)  "  Button  ore.  *'  This  means  the  button-shaped  con- 
cretions already  described  on  page  165. 

COMMERCIAL    VALUE  OF   THE   MANGANESE  ORES. 

The  manganese  ores  of  the  Batesville  region  are  used 
altogether  for  the  manufacture  of  spiegeleisen  and  ferro- 
manganese,  which  is  by  far  the  most  important  use  to  which 
manganese  ores  are  put.  The  Batesville  ores  are  better 
suited  for  this  purpose  than  for  many  of  the  chemical  uses 
of  manganese  described  in  chapter  III. 

That  a  manganese  ore  may  be  of  value  for  use  in  the 
manufacture  of  spiegeleisen  and  ferro-manganese  depends 
largely  on  the  relative  amounts  of  three  of  its  con-, 
stituents:  first,  on  its  being  sufficiently  rich  in  man- 
ganese ;  second,  on  its  containing  a  sufficiently  low  percent- 
age of  silica;  third,  on  its  containing  a  sufficiently  low 
percentage  of  phosphorus.  An  ore  containing  a  large 
percentage  of  manganese  may  be  rendered  unmarketable  by 
containing  too  much  silica  or  phosphorus,  or  both;  and 
conversely,  an  ore  low  in  manganese  can  often  be  used  to 
great  advantage  when  it  contains  only  small  amounts  of 
these  impurities. 

In  a  good  ore,  the  silica  should  not  amount  to  over  12 
per  cent  at  the  most,  and  the  phosphorus  should  not  be  over 
0.2  to  0.25  per  cent.  Even  as  much  as  0.2  per  cent  of  phos- 
phorus is  high,  and  a  first-class  ore  should  contain  less. 
Ores  containing  more  than  these  proportions  of  silica  and 
phosphorus  can  sometimes  be  sold  for  certain  purposes, 
especially  if  they  contain  a  large  percentage  of  manganese, 
but  they  bring  a  lower  price  than  the  purer  ores. 

An  ore  containing  less  than  40  per  cent  of  manganese  is 
considered  low  grade,  and,  unless  mined  very  cheaply  and  in 
large  quantities,  dannot  be  worked  at  a  profit.  In  some 
cases,  where  the  ore  contains  even  less  than  30  per  cent  of 
manganese  but  is  associated  with  a  large  proportion  of  iron,  it 
has  a  considerable  commercial  value  as  a  manganiferous  iron 
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ore,  but  such  materials  are  rarely  fouDd  Id  the  Batesville 
region.  There  is  almost  always  a  little  iron  in  the  Batesville 
ore,  but  it  is  only  in  a  few  localities  that  it  runs  over  T  or  8 
per  cent,  and  in  many  places  it  is  less  than  3  per  cent.  lu 
rarer  cases,  however,  the  ore  contains  over  20  per  cent  of 
iron. 

The  better  classes  of  Batesville  ores  are  high  in  mangan- 
-ese  and  frequently  contain,  in  car-load  lots,  over  50  per  cent 
of  that  ingredient.    Some  shipments  have  contained  over  56 
per  cent  and  a  few  as  high  as  from  57  to  58  per  cent.     Any 
shipments  that  contain  over  50  per  cent  of  metallic  mangan- 
ese, however,  are  considered  first  class  ores.*    The  low  grade 
ores  frequently  run  from  40  per  cent  down,  in  some  cases,  to 
less  than  25  per  cent  of  metallic  manganese,  but  large  quan- 
tities of  ore  are  shipped   which  contain   over  50  per  cent. 
This  amount,  as    compared    with    manganese  ores  mined 
•elsewhere  in  the  United  States,  is  very   high.      A  part  of 
the   Canadian   ore   and   part   of  the  Virginia  ore  contain 
more,  but   these   grades   are  in  small  quantities  in  those 
regions   and   are    used  for  chemical  purposes.    It  may  be 
safely  said,  that  of  the  ores  used  in  the  manufacture   of 
spiegeleisen  and  ferro -manganese,  the  better  grades  of  those 
from  the  Batesville  region  are  equal,  in  their  contents  of 
manganese,  to  any  others  at  present  mined  in  the  United 
States.     The  accompanying  table  of  analyses,  which  has  been 
kindly  furnished  the  Survey  by  Mr  H.  M.  Curry,  of  the  firm  of 
Oarnegie  Brothers  and  Company,  represents  the  composition  of 

■^In  all  these  sUtementa  ts  to  the  quality  of  the  BatesTille  ores,  conclusions  are  drawn 
altogether  from  analyses  of  car-load  shipments  of  ore,  such  as  are  given  on  pages  159  and  162- 
165.  This  is  the  surest  way  to  arriye  at  a  just  estimate  of  the  commercial  value  of  the  ore, 
"Since,  with  analyses  of  hand  samples,  there  is  always  an  uncertainty  whether  or  not  they  rep- 
resent the  aTerage  of  the  ore  as  it  would  be  shipped  in  bulk.  The  analyses  of  car-load  ship- 
ments,  on  the  other  hand,  are  made  from  samples  carefully  taken  from  ore  in  large  quantities 
and  in  the  condition  In  which  it  is  used.  Consequently  such  analyses  have  by  far  the  greater 
.practical  value;  and  as  many  of  them  as  it  is  thought  necessary  to  give,  are  compiled  in  the 
tablce  on  pages  162-165.  They  represent  analyses  of  quantities  varying  from  one  to  seven  car- 
loads, or,  in  other  words,  of  quantities  varying  from  about  fifteen  to  a  hundred  tons. 
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Analyses  of  car-load  or  cargo  shipments  of  manganese  ores  from 

different  regions. 


GRADE. 


LOCALITY. 


•HIGH    GRADE. 


IIEDIDM  GRADE. 


LOW   GRADE. 


ChiU 

Chill 

Cuba 

Cuba 

Nova  Scotia 

Crlmora,  Virginia 
Crimora,  Virginia 
Crlmora,  Viiginia 
Crimora,  Viiginia 

Arkansas 

Arlcaosas 

Arkansas » 

Georgia 

Georgia 

Georgia 

Georgia 

Virginia.. 

VirginU.. 

Virginia.. 

South  Carolina..... 

Virginia... 

Virginia 

Virginia 

Virginia.. 

Virginia 

GAorgia „,„. 

Georgia 

Georgia 

Vermont 

Vermont 


Man- 
ganese. 

Iron 

Silica 

50.870 

2.820 

8.950 

53.581 

0.660 

6.680 

49.015 

U650 

8.400 

50.M4 

2.740 

7.760 

47.174 

1.980 

7.800 

49.163 

1.760 

9.800 

48.580 

L986 

10.200 

60.S41 

1.W7 

10.120 

48.162 

4.568 

10.800 

62.721 

8.857 

2.440 

60.142 

3.506 

2.960 

53.023 

1.907 

1.700 

41.248 

9.100 

14.400 

41.6jf0 

1.990 

10.820 

42.856 

10.491 

7.800 

44.808 

4.565 

10.960 

48.379 

9.688 

9.750 

48.612 

6.650 

10.480 

42.953 

14  850 

8.600 

45.018 

2.750 

8.100 

87.693 

12.868 

10.60U 

28.811 

27.880 

4.460 

35.862 

20.950 

6.260 

36.028 

8.708 

16.880 

33.599 

16.588 

14.760 

84.157 

18.690 

12.900 

36.179 

7.078 

16.400 

89.893 

10.210 

12.720 

20.869 

81.648 

12.770 

19.706 

29.268 

14.000 

Phos- 
phorus. 

Moisture 
in  sample 
aa  taken. 

0.014 

0.870 

0.022 

0.350 

0.069 

6.000 

not  made 

4.000 

0.012 

2.500 

not  made 

6.000 

0.108 

11.000 

not  made 

8.000 

0.095 

3.000 

0.198 

4.000 

0.165 

8.000 

0.852 

3.000 

0.109 

2.000 

0.050 

4.000 

0.189 

6.000 

0.166 

6.000 

0.068 

4.000 

0.221 

1.500 

0.184 

6.000 

0.085 

9.000 

0.158 

9.000 

0.067 

4.000 

0.780 

6.000 

0.118 

7.000 

0.095 

8.000 

0.167 

8.000 

0.058 

1.000 

0.106 

6.000 

0.126 

6.000 

0.145 

8.000 
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average  car-load  or  cargo  shipments  of  manganese  ores  fron^ 
Arkansas,  Georgia,  Virginia,  South  Carolina,  Vermont,  Nova 
Scotia,  Coba,  and  Chili.  The  analyses  are  arranged  under  three- 
di£ferent  headings :  high  grade,  medium  grade,  and  low  grade^ 
It  will  be  observed  that  the  average  contents  of  manganese  in 
the  Arkansas  ores*  is  greater  than  in  any  of  the  others,  except  the 
Chilian  which  are  practically  the  same. 

Very  few  of  the  better  grades  of  the  Batesville  ores  are 
injured  by  any  considerable  percentage  of  silica :  this  ingredient 
varies  from  less  than  2  per  cent  to  about  8  per  cent,  though  in 
some  of  the  low  grade  ores  it  occasionally  runs  over  20  per  cent,. 
By  far  the  greater  part  of  the  ore  shipped,  however,  contains 
under  10  per  cent  and  a  considerable  portion  of  it  contains 
under  6  per  cent.  Very  little  is  shipped  that  has  as  much  as  16 
per  cent.  Hence  it  will  be  seen  by  referring  to  the  table  of 
analyses,  that  the  Batesville  manganese  ores  compare  favorably 
in  their  low  silica  with  the  ores  from  other  localities,  showing  as 
they  do,  a  smaller  amount  of  this  impurity  than  any  of  the  others^ 

The  only  harmful  ingredient  that  occurs  in  the  Batesville 
ores  in  quantities  sufficient  to  be  injurious,  is  phosphorus^ 
Though  this  oflen  exists  in  quantities  less  than  0.125  per  cent, 
it  sometimes  runs  up  to  0.30  per  cent,  and  occasionally  though 
rarely,  to  as  much  as  from  1.00  to  over  3.00  per  cent.  Considerable 
quantities  of  ore,  however,  are  at  present  being  mined  which 
contain  only  between  0.10  and  0.20  per  cent,  and  the  average  of 
the  better  grades  of  ore  in  the  Batesville  region  generally  rangea 
from  0.10  to  0.25  per  cent.  Some  of  the  ores,  however,  are  greatly 
injured  in  their  market  value,  and  in  certain  oases  rendered 
unmarketable,  by  containing  larger  percentages  of  phosphorus^ 

The  distribution  of  phosphorus  in  different  parts  of  the  ore 
deposits  is  irregular :  sometimes  the  ore  in  a  ^iven  place 
contains  less   than  0.20  per  cent  of  phosphorus,  while   perhaps 

*  The  analyses  of  Arkansas  ores  in  this  table  are  of  samples  from  the  Batesville  region 
and  not  from  the  southwestern  Arkansas  region. 


THE  BATESVII.LK  REGION  OP  ARKANSAS.  161 

not  ten  yards  off,  apparently  tlie  same  ore  contains  over  0.30.  A 
study  of  the  nature  of  the  ore  in  each  individual  locality,  however^ 
and  a  series  of  analyses  of  properly  selected  samples,  will  usually 
show  what  part  of  a  certain  deposit  contains  a  large  amount  oF 
phosphorus  and  what  part  contains  a  small  amount.  In  this  way- 
numerous  areas  of  ore  deposits  low  in  phosphorus  can  be  selected 
and  the  manganese  obtained  without  any  great  admixture  of 
less  pure  ores. 

Summary. — The  facts  relative  to  the  commercial  value  of 
the  Batesville  ores,  as  illustrated  by  their  chemical  analyses,  may 
be  summarized  as  follows:  Considering  the  ores  as  a  whole,, 
their  strong  points  are  their  high  percentage  of  manganese  and 
their  low  percentage  of  silica.*  Their  only  weak  point  is  their 
occasional  high  contents  of  phosphorus.  This  ingredient,  how* 
ever,  is  only  in  some  cases  in  injurious  quantities,  while  in  a  great 
many  others,  it  is  not  high  enough  to  be  any  detriment  to  the 
value  of  the  ores.  By  carefully  selecting  localities  to  be  worked 
and  by  properly  preparing  the  ore  for  market,  this  difficulty 
can,  in  miny  cases,  be  largely  overcome,  even  in  the  localities- 
of  high  phosphorus  ores. 

The  composition  of  the  Batesville  ores,  as  represented  ii> 
car-load  shipments,  is  shown  in  the  following  tables.  These 
include  seventy-two  analyses  of  samples  taken  from  quantities  of 
ore  varying  from  one  to  seven  car-loads.  The  total  amount  of 
ore  sampled  for  the  analyses  probably  amounted  to  about  twa 
thousand  tons,  and  were  mined  in  various  parts  of  the  Batesville 
region.  Many  analyses  of  hand  samples  of  ore  mi^ht  be  given^ 
but  the  table  is  confined  to  those  of  car-load  shipments  sinee^. 
as  already  stated,  the  latter  represent  the  average  composition  of 
the  ore  in  bulk  far  more  accurately  than  the  analyses  of  small 
samples. 

Wherever  it  was  possible,  the  locality  at  which  each  ship- 
ment of  ore  was  mined,  and  the  name  of  the  company  or  indi- 
vidual producing  it  are  given,  as  well  as  the  quantity  sampled 
and  the  name  of  the  company  or  companies  under  whose  direc- 
tion it  was  sampled  and  analyzed. 

^  These  sUtements  refer  only  to  the  better  grades  of  ore. 
11  Geological,  Vol.  i.,  1800. 
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Analyses  of  car-load  shipments  of 


No. 

LOCALITY. 

1 

Southern  mine,  14  N.,  7  W.,  sec.  4... 

2 

«t          I*          i( 

It 

S 

tt          II          It 

ti 

4 

ti          11          >i 

It 

6 

ft          (1          li 

It 

« 

ft          (I          (1 

i< 

7 

8 

9 

10" 

11 

12 

18 

Laffertj  Creek  divide 

14 

(t          It           If 

II 

15 

II           II          II 

fi 

16 

II           fi          f< 

II 

17 

i(           II           •< 

II 

18 

II          f(           II 

ff 

19 

ti           II           II 

ft 

20 

II          II           II 

II 

21 

fi          fi           II 

II 

22 

Coon  Creek 

28 

sec.  2 

24 

Coon  Creek 

25 

26 

If                     K                     11 

It 

27 

ti 

28 

II                     II                     II 

ft 

29 

Castile  tract,  14  N.,  6  W. 

,  sec.  18 

80 

li           It           It 

tf 

SI 

fi           If           tt 

if 

38 

It 

34 

II           ti          II 

ft 

35 

II           It           It 

li 

36 

II          (t          {• 

It 

Mangan- 


53. '2 
51.82 
50.75 
49.73 
51.77 
49.60 
55.73 
56.2U 
55.49 
52.72 
50.14 
53.02 
52.11 
55.41 
45.56 
46.21 
48.39 
46.60 
39.52 
49.00 
44.66 
50.81 
46.86 
49.36 
55.68 
53.06 
51.86 
42.77 
55.45 
67.13 
56.  ;0 
57.01 
57.41 
55.70 
56.75 
57.39 


IroD. 


2.30 
3.40 
4.27 
2.15 
2.38 
3  84 
3.82 
3.07 
3  69 
3.85 
8.50 
1.90 


4.50 
3.00 
5.98 
5.94 
14.23 
9.00 
9.46 
2.90 
8.53 
5  97 
2.00 
2.50 
T.bO 
5.50 
•2.95 
1.89 
2.61 
2.05 
I  62 
l.ijo 
2.19 
1.5.) 


illca. 


2.75 


2.50 
3.52 
3.10 
3.18 
4.79 
2.30 
2.70 
4. 58 
2.44 
2.95 
1.70 


5.78 
10.05 
2.80 
3.00 
4.80 
8  00 
3.G5 
2.50 
4.25 
3.90 


5.60 

5.39 

5.44 

5.33 

6.00 

6.71 

549 

5.46 

-    — 

—  _ 

Pho^pho- 
rns. 

Muisture. 

0.165 

4.40 

0.193 

5.10 

0.184 

5.40 

0.166 

7.23 

0.128 

1.68 

0.184 

3.88 

0.148 

3.00 

0.124 

3.20 

U.141 

3.30 

0.198 

4.00 

0,165 

3.00 

0.352 

3.00 

0.134 

0.118 

0.165 

0.157 

0.288 

0.831 

0.6  5 

0.880 

0.391 

0.126 

0.128 

2.50 

0.156 

5.50     ' 

0.172 

0.209 

0.141 

0.523 

0.117 

1.30 

0.078 

1.80 

0.075 

0.60 

0.072 

0.80 

O.liK) 

1.00 

0.078 

0.80 

0.068 

0.20 

0  074 

0.10 
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Analyses  of  car-load  shipments  of  manganese 


No. 

• 

LOCALITY. 

MaoRBn- 
ese. 

Iron. 

Silica. 

Phospho- 
rus. 

Moiiturt. 

87 

14  N..  6  W..  wc.  18 

38.49 
56.66 

8.80 
1.68 

19.96 
5.55 

0.115 
0.066 

7.t0 

•*  • 

88 

It                  <(                  «( 

0.80 

89 

((                  (<                  <t 

58.31 

1.33 

6.78 

0.064 

0.90 

40 

Maxfield  tract,   14  N.,  6  W.,  sec.  30 

44.69 

9.18 

4.28 

0.319 

41 

<(                         •!                         II 

4108 

10.75 

0.467 

42 

II                         (1                         II 

48.12 

12.50 

1.54 

0.339 

43 

it                    It                    n 

42.74 

4.95 

10.41 

0.885 

44 

II                     II                     14 

31.90 

11.-20 

20.50 

0.847 

45 

l«                     II                     <( 

24.31 

21.63 

14.82 

0.262 

46 

t<                      11                     II 

24.50 

28.72 

5.22 

0^226 

•  *•   •• 

47 

«l                     «l                     II 

27.49 

28.40 

7.08 

0.406 

48 

«l                     II                      tl 

29.57 

23.40 

5.10 

0.452 

19.00 

49 

(i                     11                     «l 

31.66 

21.47 

6.75 

0.886 

16.4a 

50 

II                      II                      tl 

26.82 

24.42 

7.88 

0.273 

16.20 

51 

(1                     l«                     II 

27.55 

24.00 

746 

0.268 

16.5a 

62 

(1                     II                     tl 

80.65 

21.70 

6.48 

0.828 

i6.oa 

68 

II                     ft                     «l 

83.21 

18.80 

6.05 

0.194 

i5.ia 

54 

II                     II                     tl 

30.55 

21.70 

6.48 

0.828 

i6.oa 

65 

II                     II                      II 

31.35 

20.70 

4.49 

0.581 

14.6a 

66 

II                      II                     II 

37.59 

12.70 

5.66 

0.867' 

18.2a 

57 

11                     II                      II 

34.38 

17.70 

4.03 

0.476 

21.50 

58 

l(                     II                      tl 

36.05 

15.50 

4.87 

0.279 

18.3a 

59 

il                      II                      tl 

37.27 

15.30 

4.55 

0  481 

21.10 

60 

II                      tl                     II 

28.69 

23.00 

5.42 

0.788 

20.00 

61 

(1                     II                      II 

33.80 

16.85 

5.70 

0.596 

19.10 

02 

it                      It                      tt 

34.03 

11.20 

8.65 

0.732 

16.3a 

63 

•  t                      .1                     It 

36.18 

14  70 

3.97 

0.608 

18.6a 

64 

tl                     it                     II 

35.40 

15.70 

4.35 

0.735 

16.30 

65 

•  1                     II                     II 

36.86 

15.20 

3.68 

0.686 

i2.oa 

66 

14  N.,  6  W.,  sec.  33 

38.30 

8.45 

0.880 

67 

II           II           II 

89.36 

5.30 

0.217 

68 

Baxter  mine,  Wood  A  Sipes  mine... 

45.02 

7.37 

8.88 

0.224 

4.10 

69 

II          II          tl 

37.93 

12.12 

6.52 

0.641 

6.80 

70 

Baxter  miDe,  15  N.,  6  W.,  sec.  32... 

55.60 

8.78 

24.58 

0.149 

9.80 

71 

II          II          *i 

47.70 

4.77 

10.98 

0.284 

• 

9.20 

72 

il          tl          11 

45.77 

4.67 

14.06 

0.842 

8.20 
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ores  from  the  Batesville  region — Concluded. 


Mined  bj. 


John  B.  Skinner. 


i< 


i( 


Skinner  de  Abbot 

Abbot  <&  Ring 

W,  S    Abbot 


«( 


<< 


(I 


Abbot  &  Ring 
If 


Vr.  8.  Abbot 


(< 


It 


«< 


41 


«l 


(• 


41 


(I 


«< 


<l 


14 


<( 


t« 


^kinuer  &.  Abbot. 


II 


II 


<i 


•« 


II 


•I 


•« 


II 


K 


Abbot  A.  Ring.. 

II  II  <i 

Skinner  &.  Abbot... 


«t 


4( 


41 


Qtiantitri 
sampled. 


Sampled  by. 


•I  It 


14 

It 

ot.... 

II 

<l 

II 

<l 

11 

>l 

•  4 

II 

It    II 


•  »   II 


II   II 


•<    .1 


l<  II 

II  II 

II  II 

II  ti 

It  II 

•  I  ll 

It  tl 

II  II 

II  It 

II  I* 

II  II 

II  II 

II  II 

II  It 

II  II 

II  II 

II  II 


II   It 


«l    II 


1  c.tr      I    Illinois  Sieel  Company, 


II 


II 


II 


II 


II 


I    North  Chicago  R.M.  Co. 
Illinois  Steel  Company. 


II 


II 


Nor  th  Chicago  R.M.  Co. 
II  11  II 


II 


II 


Illinois  Steel  Company. 


It 


11 


II 


II 


•I 


it 


tl 


II 


II 


II 


II 


II 


(I 


II 


II 


II 


II 


II 


11 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


«• 


II 


It 


II 


II 


II 


II 


11 


II 


II 


Analysed  by. 


Illinois  Steel  Company. 
«i  i«  <i 


II 


II 


North  Chicago  R.  M.  Co. 
Illinois   Steel  Company, 


II 


11 


II 


North  Chicago  B.  M.  Co. 

II  14  II 


II 


II 


Illinois  Steel  Company. 


II 


II 


II 


II 


II 


II 


•I 


•I 


II 


II 


•I 


II 


II 


II 


II 


II 


II 


II 


It 


It 


It 


II 


II 


tl 


II 


II 


II 


»i 


II 


It 


It 


II 


II 


I* 


II 


•I 


It 


ll 


II 


II 


Nt.nh  Chicago  R.M.Co.     North  Chicago  R.  M.  Co. 


II 


Illinois  Steel  Company. 
II  II  II 


II 


ll 


It 


tl 


II 


•I 


11 


Illiaois  Steel  Company 


II 


II 


It 


II 


II 


II 


II 


II 


It 


No. 

S7 

88 

89 

40 

41 

42 

48 

44 

46 

46 

47 

48 

49 

60 

61 

52 

68 

54 

55 

66 

57 

58 

69 

60 

61 

6i 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 


CHAPTER  VIII. 
THE  BATESVILLE  REGION  OF  ARK  AN8AS— Cbn«nu€c/. 

GENERAL  FEATURES  OF   THE  MANGANESE  DEPOSITS. 

The  maogaaese  ores  of  the  Batesville  region  occur  as  loose 
masses  of  variable  sizes  imbedded  in  a  red  or  chocolate-brown 
clay.  The  clay  and  the  ore  once  formed  part  of  a  formation  al~ 
ready  mentioned  as  the  St.  Clair  limestone,  and  locally  known 
as  "gray  rock."  By  the  dissolving  process  of  surface  waters,  the^ 
carbonate  of  lime  in  this  formation  has  been  leached  out.  and 
the  masses  of  ore,  which  were  less  easily  attacked,  have  been  set 
free.  The  siliceous  material,  which  was  once  finely  disseminated 
through  the  limestone,  was  also  less  soluble  than  the  carbonate 
of  lime  in  surface  waters,  and  has  collected  as  a  residual  product,, 
forming  the  clay  in  which  the  ore  occurs. 

As  a  result  of  this  decay,  the  manganese  ore  is  now  rarely^ 
seen  in  place  in  the  limestone,  but  sometimes  masses  of  this  rock 
have  survived  decomposition  and  are  imbedded  in  the  residual 
clay.  These  masses  often  contain  layers  and  nodules  of  ore,, 
which,  from  their  nature  and  position,  point  clearly  to  the  St. 
Clair  limestone  as  the  source  of  all  the  manganese  now  found  in 
the  clay. 

It  will  be  the  object  of  the  present  chapter  to  explain  the 
original  mode  of  occurrence  of  the  ore  in  the  limestone,  the  mode 
of  decay  of  the  limestone  and  the  formation  of  the  deposits   of 
ore-bearing  clay,   the  nature  and  distribution  of  these  deposits^ 
and  their  relations  to  the  topographic  and  structural  features   of 
the  region. 

THE  ST.  CLAIR  LIMESTONE. 

GenercU  features. — The  geologic    relations   of  this   lime- 
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stone  have  already  been  treated  in  chapter  YI,  and,  therefore, 
the  details  given  below  are  confined  to  the  relation  of  the  forma- 
tion to  the  source  and  occurrence  of  manganese  ores. 

The  St.  Clair  limestone  is  a  highly  crystalline,  granular 
rock,  reaching  a  maximum  thickness,  in  the  manganese  region, 
of  over  a  hundred  and  fifty  feet.  It  is  rarely,  however,  seen 
with  this  thickness,  and,  even  where  none  of  it  has  been  decom- 
posed, it  does  not  usually  exceed  a  hundred  and  twenty  feet. 
It  varies  in  color  from  light  gray  to  pink,  chocolate-brown,  or 
dark  lead-gray.  Frequently  pockets  and  veins  of  white  or 
transparent  calcite  are  found  in  it.  Fossils  are  plentiful^  and 
their  casts  have  assumed  the  same  crystalline  structure  as  the 
rest  of  the  limestone.  Sometimes  small  quantities  of  red  oxide 
of  copper,  or  green  stains  due  to  carbonate  of  copper,  occur  at 
or  near  the  base  of  the  formation.  The  copper  is  always  in  very 
small  quantities  and  of  no  commercial  value,  (See  Montgomery 
manganese  mine),  A  light  greenish  clay  sometimes  occurs 
in  thin  seams  in  the  rocK.  The  most  remarkable  feature  of  the 
formation,  however,  is  the  manganese  ore  that  it  contains. 

Condition  of  the  manganese  in  the  St,   Clair  limestone — The 
manganese,  as  seen  in  the  St.  Clair  limestone,  exists  in  the  same,, 
or  almost  the  same,  chemical  and  physical  condition  as  in  the  clay 
that  now  encloses  it  in  the  various  manganese  localities;  that  is,  it   . 
occurs    as   oxides  in    bodies    of   difiereut     sizes.     It    is    very 
probable  that  the  manganese  originally  existed  in  the   limestone 
in  the  form  of  a  carbonate  and  was  subsequently   oxidized  into 
its  present  condition.     Possibly    this  oxidation    may    be   only 
superficial,  and  below  the  water  level  of  the  country  the  ore  may 
still  netain  its  carbonate  form.     Small  quantities  of  the  carbon- 
ate sometimes  exists  in  a  finely  disseminated  state   in  the  lime- 
stone, even  on  the  surface,  but  practically  all  the  manganese  in 
the  limestone,  as  now  seen  in  surface  exposures,   is  in  the   oxide 
state,   and  the   disseminated   carbonate  is  insignificant  in  com- 
parison with  the  larger  masses  of  oxides. 

It  is  very  possible  that,  in  some  cases,  the  manganese  oxide 
in  the  limestone  may  be  in  a  different  stage  of  oxidation  from 
that  in  the  clay,  and  may,  therefore,  represent  a  different  miner- 
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alogical  form  of  oxide;  but  in  many  ca^es,  at  least,  the  ores  in 
both  positions  seem  to  represent  the  same  oxide  or  oxides.  Very 
often  the  ore  in  the  limestone  contains  small  inclusions  of  more 
or  less  pure^  crystalline  calcite;  while,  where  the  ore  occurs  in  the 
•clay,  the  inclusions  have  sometimes  been  leached,  leaving  hollow 
•cavities  which  give  the  ore  a  honeycombed  appearance.  The 
oavities  are  often  partly  filled  with  red,  yellow  or  dark  brown 
•clay,  representing  the  residual  product  of  the  calcite.  Sometimes,, 
however,  especially  in  the  more  compact  ore,  the  calcite  remains 
•in  its  original  form,  even  when  the  ore  has  been  freed  from  the 
limestone  for  a  long  time. 

The  shape  of  the  ore  bodies  in  the  limestone  varies  consider- 
ably in  different  places,  but  always  conforms,  in  a  general  way, 
to  the  bedding  of  the  rock.  The  ore  occurs  as  irregular  lumps 
and  masses,  often  connected  by  thin  layers  of  the  same  material; 
as  lenticular  bodies,  a *few  feet  to  several  yards  in  length;  as  flat 
masses  or  small  concretions  lying  in  the  planes  of  bedding 
of  the  rock;  as  small  disseminated  particles  and  nodules,  the 
size  of  small  shot;  and,  in  some  places,  in  so  fine  a  state  of  divis- 
ion as  to  foroi  a  dark  chocolate*brown  coloring  matter.  This 
last  form  sometimes  occurs  in  thin  layers  in  the  rock  and  sume* 
times  as  a  finely  disseminated  material,  giving  the  dark  brown 
oolor  often  seen  in  the  limestone.  When  considerable  quanti* 
ties  of  it  are  present,  the  rock  often  loses  part  of  its  highly  de- 
veloped crystalline  structure  and  presents  a  dark,  earthy  appear- 
ance. The  larger  masses  of  ore  occur  both  in  this  dark  colored, 
and  in  the  light  colored  rock.  In  the  latter  ca&e,  they  are  usually 
associated  with  more  or  less  red  clay,  either  in  the  form  of  a 
thin  coating  around  the  masses  of  ore  or  as  films  between  layers 
of  ore. 

A  characteristic  mode  of  occurrence  of  the  manganese 
in  the  St.  Clair  limestone  is  shown  in  the  accompanying  drawing. 
It  represents  the  partly  decayed  surface  of  the  rock,  which  has 
been  exposed  in  a  pit  on  the  William  Martin  property,  in 
township  14  N.,  8  W.,  section  2.  The  mass  of  the  rock  is  a 
brown,  or  brownish-gray  limestone,  and  the    protruding  knobs 
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Bod  horizoDtal  layers  are  manganese  ore  in  the  process  of  weatb- 
eriDgout. 

Another  cane  oT  somewhat  similar  occurrence  ia  shown  in  the 
accompanying  figured.  This  represents  across  section  of  a  mass 
■of  St.  Clair  limestone  protruding  into  the  overlying  ore-bearing 
«lay  in  a  pit  at  the  Trent  mine,  14  N.,  6  W.,  section  10.  The 
limestone  here  is  of  the  tight  gray  variety. 


mUuai  day  01  lit  Trtnl  mine. 

A.  SI.  Clair  llmeslone. 

B.  Re*ldUHl*r*-b«rlagclaf. 

The  black  marklnp  lodicate  muigaiwH  ore. 

Th«  light  colored  niu»g  In    iha  clar.  near  ih«  top  ol  lh«  icctlan,  reprtwDt  chtrt 

Frequently  there  are  fuund  at  various  horizons  in  the  St. 
Olair  limestone,  bedn  of  siliceous  or  argillaceous  material,  some- 
times containing  manganese  and  sometimes  entirely  free  from  it. 
These,  in  places,  occur  as  fine  grained,  fissile  sandstones,  or  as 
stratified  shaly  clays,  while  elsewhere  they  exist  as  highly  siliceous 
slaty  materials.  They  are  often  more  or  less  calcareous.  In 
oolor,  they  vary  from  chocolate -brown  to  red,  dark  yellow,  or 
mottled  red  and  gray.  Such  deposits  form  lenticular  beds  in 
the  limestone  and,  though  they  have  a  limited  lateral  extent, 
tbey&ometimea  acquire  a  thickness  of  as  much  as  thirty  feet  or 
more.  They  represent  simply  a  greater  development  of  the 
smaller  quantitie.s  of  siliceous  and  urgillaceous  materials  which 
are  almost  always  associated  with  the  ore.  The  ore,  when  it 
-exists  in  them,  occurs  in  the  same  way  as  in  the  limestone, 
except  that  the  concretionary  form  is  more  marked.     Sometimes 
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these  beds  are  entirely  absent,  and  at  other  times  two  or  more- 
are  seen  in  one  vertical  section  of  the  formation.  Such  beds  are 
well  developed  at  the  Cason  and  O'Flinn  mines.  (See  chap- 
ter IX). 

Siliceous  deposits  also  occur,  with  the  limestone,  in  the- 
neighborhood  of  Cushman  and  thence  west  to  Lafferty  Creek 
and  east  to  Prairie  Creek.  In  this  region  they  are  sometimes, 
composed  of  a  soft,  earthy  material,  and  at  other  times  of  a  fine 
grained  sandstone,  in  which  a  coarser  sandstone  occasionally 
occurs.  Iron  is  generally  present,  either  in  thin,  rusty  seams,, 
or  as  flat  lenticular  concretions  of  limonite. 

Columnar  sections,  showing  the  St.   Clair  limestone  with 
and  without  sandstone  beds,  are  given  on  plate  VI. 

A  microscopic  examination,  made  by  Dr.  J.  E.  Wolff,  of 
Harvard  University,  of  a  calcareous  sample  from  one  of  thes& 
sandstone  beds  at  the  Cason  property,  three  miles  northeast  of 
Batesville,  shows  it  to  be  composed  of  rounded  and  angular 
grains  of  detrital  quartz,  with  a  few  feldspar  grains  and  still 
fewer  plates  of  detrital  mica,  cemeni,ed  in  a  matrix  of  grains  of 
calcite,  mixed  with  red  iron  oxide  or  hydrate.  The  quartz^ 
feldspar  and  mica  appear  to  have  been  derived  from  granitic 
rocks.  '  The  subject  of  the  composition  of  these  beds  will  be 
mentioned  further  under  the  discussion  of  the  origin  of  man- 
ganese deposits  in  the  final  chapter. 

Distribution  of  manganese  in  the  St.  Clair  limestone. — Mangan- 
ese is  not  confined  to  any  special  horizons  in  the  limestone 
but  is  apt  to  occur  in  it  anywhere  from  the  base  to  the  top,  and 
in  varying  quantities'.  Over  limited  areas  the  richest  ore-bear- 
ing stratum  is  often  fixed  in  position,  but  this  does  not  hold 
throughout  the  whole  region.  At  the  Southern  mine,  where  the 
St.  Clair  limestone  has  been  almost  entirely  decayed,  and  where 
more  manganese  has  been  mined  than  at  any  other  locality  in 
the  Batesville  region,  it  seems  probable  that  the  ore  originally 
occupied  the  upper  part  of  the  limestone  formation.  It  doea 
not  necessarily  follow  from  this,  however,  that  the  ore  elsewhere 
was  originally  most  abundant  in  this  position. 

The  sections  in  the  accompanying  plate  show  the  distributioa 
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of  manganese  in  the  different  parts  of  the  St.  Clair  limestone : 
the  first  two  sections  are  from  localities  where  bo  manganese 
occurs  in  the  limestone;  while  the  last  three,  from  localities 
where  it  does  occur,  illustrate  the  existence  of  the  ore  in  the 
upper,  middle,  and  lower  parts  of  the  formation,  sometimes  asso- 
ciated with  siliceous  deposits,  and  at  other  times  free  from 
i«uch  accompaniments.  The  ore  in  any  one  position  in  the 
limestone  may  occur  either  with  or  without  these  siliceous  materi- 
als. As  a  rule,  however,  the  part  of  the  limestone  carrying  ore 
contains  more  siliceous  and  argillaceous  matter,  than  the  part 
carrying  none. 

The  lateral  distribution  of  the  ore  is  even  more  irregular 
than  the  vertical  distribution.  Manganese  in  small  quantities  is 
characteristic  of  the  whole  of  the  St.  Clair  limestone  formation  in 
the  Batesville  region,  and  an  analysis  always  shows  at  least  a 
fraction  of  a  per  cent  of  that  ingredient,  but  it  is  only  locally 
that  ore  exists  in  itiu  quantities  sufficient  to  give  rise  to  man- 
ganese deposits  after  the  rock  has  decayed ;  and  the  areas  of 
ore-bearing  limestone  are  often  surrounded  by  much  larger  areas 
of  barren  limestone.  This  irregular  occurrence  of  the  ore  in 
the  limestone  is  the  cause  of  its  equally  irregular  occurrence  aa 
now  found  in  the  residual  clay.* 

In  a  similar  manner  the  Batesville  manganese  region,  con- 
sidered as  a  whole,  represents  an  isolated  manganese-bearings 
area  in  the  St.  Clair  limestone.  The  belt  of  country  in  which 
the  St.  Clair  limestone  crops  out,  strikes  in  a  general  northwest 
and  southeast  direction,  and  extends,  on  both  sides,  beyond  the 
manganese  area.  Outside  the  limits  defined  by  a  dotted  red 
line  on  the  map,  however,  manganese  has  not  yet  been  found 
in  any  considerable  quantities.  An  analysis  generally  shows  a 
fraction  of  a  percent  or  more,  just  as  in  the  barren  parts  of  the 
rock  in  the  Batesville  region,  but  the  larger  masses  and  bodies 
of  ore  rarely  occur. 

*  (lood  exposures  of  thn  luanganose-bearing  parts  of  the  St.  Olair  limefltooe  are  rare,  as 
hey  are  generally  corered  by  the  brokeD  chert  which  covers  a  larger  part  of  the  region.  It  is 
ODiy  occasionally,  in  the  face  of  a  bluflfor  in  the  loose  masses  found  in  the  residual  clay  in  man- 
ganese pits,  that  such  exposures  can  be  obserTed.  The  above  facts  concerning  its  various 
constituents,  therefore,  are  the  result  of  numerous  scattered  observations  taken  over  a  laxsps 
area. 
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Isolated  areas  of  mangaDese  deposits  have  been  reported  as 
existing  in  associatioD  with  the  St.  Clair  limestone  to  the  north- 
"west  of  the  Batesville  region,  but  they  have  not  as  yet  proved  to 
be  of  large  extent,  though  future  explorations  may  possibly 
show  them  to  be  so.  Tberefore,  according  to  the  present  state 
of  knowledge,  the  Batesville  region  represent-i  an  abnormal, 
local  accumulation  of  manganese  in  a  formation  which,  though 
tsharacterized  throughout  by  a  certain  amount  of  that  material, 
contains  it  usually  in  limited  quantities.  The  manganese  locali- 
ties to  the  northwest  may  be  considered  as  representing  a  ten- 
dency towards  a  similar  local  accumulation,  which,  however, 
reaches  only  limited  proportions.  Therefore,  though  the  St. 
Olair  limestone  is  often  considerably  decay e(4  in  the  country 
outside  the  manganese  region,  the  ore  deposits  are  wanting. 

It  is  also  a  noticeable  fact  that  the  St.  Clair  limestone 
reaches  its  greatest  thickness  approximately  in  the  manganese 
region.  To  the  east,  it  rapidly  thins  out,  and  in  less  than  ten 
miles  either  disappears  altogether  or  is  represented  by  only  a 
thin  stratum.  To  the  west,  it  retains  its  full  thickness  for  a 
short  distance,  but  finally  thins  out  in  the  same  way  as  to  the 
«ast.* 

The  Izard  limestone,  which  underlies  the  St.  Clair  limestone, 
thins  out  in  the  same  manner  as  that  rock  to  the  east  and  the 
west ;  and  both  formations  may  be  said  to  reach  their  maximum 
development  in  the  western  part  of  the  manganese  region. 

Color  of  the  St.  Qair  limestone. — It  has  already  been  stated 
that  the  color  of  the  St.  Clair  limestone  is  not  uniform.  The 
rock  is  usually  gray  or  light  pink,  and  from  this  it  varies  to 
ohocolate-brown,  reddish-brown,  or  a  dark  lead-gray. 

The  chocolate-brown  color  seems  to  be  due  to  oxides  of 
manganese  and  iron  in  a  finely  divided  state,  as  is  suggested  by 
the  considerable  amount  of  these  ingredients  in  the  rock  of  that 
<Jolor,  and  by  the  fact  that  the  intensity  of  the  color  varies  directly 
with  the  amount  of  them  present.  Sometimes  both  oxides  occur 
and  sometimes  only  one  is  present.     But  the  color   is  usually 


^  See  page  125. 
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much  the  same  whether  the  rocks  coDtain  both  mnDgaDese  and 
iron  or  either  one  of  them  separately. 

The  pink  color  in  the  St.  Clair  limestone  also  seems  to 
be  due  to  manganese  and  iron,  probably  in  different  stages 
of  oxidation  than  the  forms  which  give  the  chocolate-brown 
color.  The  pink  specimens  may  contain  both  materials  or 
either  one,  with  very  much  the  same  coloring  effect.  Some 
distinctly  pink  epecimens  contain  very  email  percentages  of 
either  of  these  ingredients,  but  as  the  rock  does  not  contain 
any  other  color-giving  constituents,  it  seems  probable,  though 
not  necessarily  certain,  that  the  color  is  due  to  one  or  both 
of  them. 

Some  of  the  pure  gray  limestone,  which  is  the  most  com- 
mon form  in  the  region,  contains  only  a  trace  of  manganese 
and  very  little  iron. 

The  following  analyses,  by  the  chemist  of  the  Survey, 
show  the  compositions  of  the  differently  colored  parts  of  the 
St.  Clair  limestone. 

Analyses  of  differently  colored  St.  Clair  limestone. 


CONSTITUENTS. 

Chocolate- 
brown. 

Chocolaie- 
browo. 

Pink. 

Gray. 

MaDgaof.He  oxide  (Mn^O^)... 
Ferric  oxide  (FcaO*) 

1,59 
0.56 
0.37 

54.75 
0.29 
0.01 
0.25 

42.31 
0.25 

1.-24 
2.49 
0.61 

51.62 
•.28 
0.02 
031 

42.46 
1.00 

0.26 

0.19 

0.18 

54.70 

trace. 
0.24 

Alumii-a  (AI2O3) 

O.OG 

Lime  (CaO) 

5I.7G 

Maene«ia  (MeO") 

0.25 

Potiish  (K2O) 

I             0.78t 

43.35 
0.54 

< 

Soda  (NaaO) 

0.78t 

Volatile  matter* 

43.19 

Silica  (SiO,) 

0.54 

100.38 

loo.as 

100.00 

100.00 

*  This  is  mostly  carbonic  acid  and  some  water.  There  is  only  a  small  quantity  of  orgaDic 
matter  present  ia  any  of  the  specimeDs  aod  in  some  of  them  there  is  none.  It  does  not  appear 
to  have  perceptibly  influenced  the  colur,  as  the  latter  is  still  retained  after  ignition. 

t  Determined  by  difference.  ' 

Summary. — Thus  it  will  be  seen  that  the  most  characteristic 
feature  of  the  St.  Clair  limestone  is  its  contents  of  manganese  ore;. 
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that  this  ore  occurs  in  a  |2;reat  variety  of  forms,  from  leDticular 
pockets  and  masses  weighing  a  ton  or  more,  to  small  concretions 
and  grains,  and  even  to  impalpable  coloring  matter  in  the  rock ; 
thai  it  is  associated  with  a  variable  amount  of  siliceous  or  argil- 
laceous material,  sometimes  occuring  in  the  limestone  almost 
free  from  such  accompaniments,  and  sometimes  buried  in  sandy 
or  shaly  beds,  from  one  to  thirty  feet  in  thickness ;  that  the  ore 
is  very  irregularly  distributed  t.hroogh  the  limestone,  both 
laterally  and  vertically ;  that,  when  it  occurs,  it  is  not  confined 
to  any  special  horizon,  sometimes  existing  at  or  near  the  top 
and  sometimes  at  or  near  the  base,  as  well  as  at  various  inter- 
mediate stages;  that  the  Bitesville  region,  considered  as  a  whole, 
represents  an  isolated  manganese-bearing  area  in  the  St.  Clair 
limestone;  that  sometimes  iron  is  found  in  association  with 
the  manganese,  generally  as  a  brown  hematite  (limonite)  or  as  a 
rusty  coloring  material. 

THE   DERIVATION*    OP    THE   MANGANESE  DEPOSITS. 

Condition  of  workable  deposits  of  ore, — The  deposits  of 
manganese  ofe  in  the  Batesville  region  that  can  be  profitably 
worked  are  not  found  in  place  in  the  limestone.  One  exception 
is  the  Cason  property,  and  even  this  is  not  worked  for  reasons 
that  will  be  mentioned  in  chapter  IX.  In  other  cases,  the 
quantity  of  ore,  so  far  as  yet  discovered,  is  not  sufficient  to  pay 
for  mining  it  in  the  rock;  and  it  is  only  where  the  limestone, 
or  "gray  rock,"  as  it  is  commonly  called,  has  been  decayed,  the 
carbonate  of  lime  carried  off  in  solution,  and  the  masses  of  ore 
with  the  residual  clay  thus  set  free  and  concentrated,  that  profit- 
able'mining  can  be  done«  This  decay  has  taken  place  on  an 
immense  scale,  and  all  the  deposits  that  are  being  worked,  and 
all  that  have  been  worked  in  the  past,  with  the  exception  of  the 
Cason  mine,  represent  such  products  of  decay. 

Mode  of  decay  of  the  Si.  Clair  limestone. — The  St.  Clair  lime- 
stone is  composed  of  two  different  classes  of  constituents:  materials 

*The  terra  derivation  is  used  here  In  diati notion  from  origin,  te  express  the  process  of 
formation  of  the  manganese  deposits  as  they  now  exist,  bf  the  decaj,  in  sita,  of  the  St.  Clair 
llmMtone.  The  origin  of  ths  ores,  in  the  sense  of  their  source  and  mode  of  deposition  in  the 
limestone,  will  be  treated  in  the  final  chapter. 
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readily  soluble  in  surface  waters,  and  materials  either  more  dif- 
ficultly soluble  or  almost  insoluble.  The  first  class  is  represented 
by  carbonate  of  lime^  which  forms  by  far  the  larger  part  of  the 
formation;  the  second  class  is  represented  by  the  manganese  ores 
with  their  siliceous  and  argillaceous  accompaniments.  Surface 
waters  always  contain  a  greater  or  less  amount  of  carbonic  acid  in 
Bolution^  and  this  renders  them  much  more  potent  as  disintegrating 
Rgents  than  pure  water.  The  effect  of  the  long  continued  action 
t)f  surface  water  on  the  ore-bearing  limestone,  has  been  to  dis- 

• 

.solve  and  carry  off  the  carbonate  of  lime,  and  leave  the  masses 
oforeand  other  insoluble  materials  as  a  residual  product,  in 
the  form  of  ore-bearing  clay.  In  places  where  the  St.  Clair 
limestone  contained  the  sandy  and  argillaceous  beds  already 
described,  these  have  been  broken  up  during  the  leaching  of  the 
^enclosing  limestone  and,  in  some  places,  have  been  disintegrated 
into  a  more  or  less  sandy  clay,  and  mixed  with  the  other  residue 
from  the  limestone;  in  other  places,  they  have  not  as  yet  been 
•eutirely  decomposed  and  are  associated  with  the  clay  as  soft, 
earthy,  honeycombed,  and  partly  disintegrated  masses  commonly 
known  as  ^^ochre".*  A  small  portion  of  the  manganese  has 
doubtless  been  carried  away  in  solution,  but  a  larger  part  of  it 
remains.     (See  page  182.)    . 

The  St.  Clair  limestone  occurs,  in  the  manganese  region, 
tinder  a  heavy  bed  of  Boone  chert,  and  the  dissolving  action 
which  has  leached  the  limestone  has  often  gone  on  underneath 
the  chert,  as  is  explained  below. 

Stages  of  decay  of  the  St.  Clair  limestone. — Throughout  the 
manganese  region,  all  stages  of  decomposition  of  the  limestone,  and 
all  stages  of  erosion  of  the  residual  products  can  be  seen.  Some- 
times the  limestone  is  exposed  in  its  full  thickness,  and  shows  no 
sign  of  decomposition.  This  is  especially  true  along  its  extreme 
southerly  outcrop,  where  it  rises  from  under  a  heavy,  protecting 
cap  of  chert.  But  to  the  north,  it  has  succumbed  more  and  more 
to  decomposing  influences,  and  has  finally  dissappeared  altogether, 

*  This  word  ia  also  used  at  the  Soathora  mine  to  designate  a  certain  deposit,  of  a  some- 
what similar  nature  to  those  described,  occurring  at  the  base  of  the  chert  beds,  and  immedi- 
mteljT  above  the  residual  claj. 
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leaving  nothing  but  the  residual  clay  and  ore^  the  skeleton,  as  it 
were,  of  the  originul  limestone  formation.  As  lon^as  the  lime- 
stone has  remained  intact,  the  massive  chert  which  overlies  it, 
has  protected  it  to  a  greater  or  less  extent  from  decomposition. 
But  as  soon  as  the  dissolving  action  has  set  in,  the  residual  clay 
sinks  down  and  allows  the  overlying  chert  to  settle  down  on  it. 
In  this  way  the  chert  bed  is  shattered  and  broken,  allowing  the 
free  percolation  of  surface  waters  and  greatly  accelerating  the  de- 
composition of  the  limestone.  The  more  carbonate  of  lime  that 
is  dissolved  from  the  limestone,  the  more  the  chert  is  undermined 
and  broken,  and  the  faster  the  remaining  limestone  is   decayed. 

The  decay  of  the  limestone  begins  at  the  top  of  the   bed, 
and,  generally,  in  places  where  it  crops  out  on  the  sloping  sides 
of  ravines.     These  being  the  most  exposed  points,  are   attacked 
first,  and  thence  the  dissolving  action  spreads  back  into  the  hill 
and  under  the  chert.     Where   the  whole  of  the  St.  Clair    lime- 
stone   has    decayed,    the    clay    bed    rests   directly  on  the   de-^ 
composing  surface  of  the  underlying  Izard  limestone.     The    lat- 
ter formation  is,  in  such  cases,  deeply  scored  by  holes   running, 
sometimes,  forty  and  fifty  feet  into  the  rock  and  filled  with  re- 
sidual products.     In  some  cases  the  Izxrd,  limestone   is  not  seen 
at  all,  and  the  ore-bearing  clay  and  broken  chert  cover  the  slopes 
of  the  hill,  coming  in  contact,  below,    with  the    sandstone    that 
underlies  that  limestone.     In  such  cases,  however,  the   total  dis-> 
apfJearance  of  the  Izard  limestone  is  only  apparent,  since,  when 
it  begins  to  decay,  the  overlying  clay  gradually  covers  its  slopes, 
extending  lower  and  lower  until  it  finally  reaches   the   level    of 
the  sandstone  and  obscures  the  whole  of  the  limestone.     Yet   a 
large  part  of  the  interior  of  the  hills  is  still  composed  of  the 
limestone,  which  rises  up  in  the  form  of  rounded  domes,  covered 
with  a  variable  thickness  of  ore-bearing  clay. 

The  four  ideal  figures  in  the  accompanying  plate  show  the  dif- 
ferent stages  of  this  decomposition.  The  first  figure  (1)  represents 
the  St.  Clair  limestone  (''gray  rock")  and  its  overlying  chert  in 
their  original  position,  lying  horizontally,  or  almost  so.  Beneath 
them,  is  the  Izard  or  blue  limestone,  underlain  in  turn  by  the 
saccharoidal  sandstone.     In  the  second   figure  (2),  a   ravine  has 
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cut  down  through  the  chert  and  the  St.  Clair  limestoue.      De- 
composition   has  set  in  on  the   exposed   limestone  slopes    and 
residual  clay    has   collected  in    the  hollows    thus  formed.     The 
chert  has  already  been   broken  on  the  slopes   and  has  begun    to* 
curve  down  over  the  clay.     In  the  third  figure  (3),  the  ravine  has- 
widened,  and  the  decomposition  has  spread  back    into   the   hill, 
underneath    the  chert.     The    ore-bearing  limestone  has  mostly 
decayed,  while  the  chert  has  been   greatly   broken  as  a  result 
of  this  undermining  process,  and  has  been  partly  eroded. by  the 
surface  weathering.     The  residual  ore  and  clay  lie  on  the  Izard 
limestone,  which  itself  has  been  attacked  by  the  leachiug  waters 
and  scored  with  deep  holes.     In  the  fourth  figure  (4),  the  ravine 
has  widened  still  more,  and  has  cut  through  the  Izard  limestone 
and  into  the  underlying  sandstone.     The  whole  of  the  St.  Clair 
limestone  has  been  decomposed,  and  the  ore  and  clay  lie  on  the 
deeply  scored  Izard  limestone.     The  chert  has  been  very  much 
affected  by  erosion  and,  in  some  places,  has  been  entirely  removed; 
in  others  it  exists  as  isolated  knobs,  or  as  ablauketof  loose  frag- 
ments on  the  slopes  of  the  hills.*  It  will  be  observed  that,  where 
the  chert    is   entirely  removed,  the    ore-bearing   clay  has   also 
suffered  from  surface  erosion  and  has  been  partly  carried  ofi. 

Effect  of  the  decay  of  the  St.  Clair  limestone  o?i  topography, — 
The  four  figures  in  the  last  plate  also  illustrate  another  im- 
portant point,  that  is,  the  changes  in  the  surface  features  of  the 
country  resulting  from  the  decay  and  erosion  of  the  limestone. 
The  first  figure  shows  the  original  flat  character  of  the  region. 
The  second  shows  the  initial  stage  in  the  alteration  of  this 
simple  topography,  by  the  erosion  of  long  ravines  or  hol- 
lows. The  third  shows  the  widening  of  these  ravines  into 
valleys  and  the  formation  of  numerous  tributary  drainage  basins, 
giving  the  country  a  characteristic  topography  of  irregular 
ridges  transversely  cut  at  intervals  by  the  courses  of  streams. 
The  fourth   figure  shows  the  still   further  decay  and  erosion  of 

<<  Though  these  figures  are  ideal,  actually  existing  examples  of  everj  feature  repre* 
••Dted  In  them  are  seen  in  the  manganese  r^oo,  and  figures  of  such  cases  are  given  later  in 
this  chapter,  and  also  in  the  detailed  descriptions  of  lopalities  in  ihe  two  following  chapters. 
Ideal  illustrations  are  glren  here  in  order  to  show  as  much  as  possible  io  a  few  figurM  and  to  ' 
iUostrate  better  the  different  stages  of  decomposition. 
12  GeoUglcal,  Vol.  i.,  1890. 
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these  ridges,  causing   the  formatioa  of  kuobs  and  cone-shaped 
hills. 

Unequal  decay  of  the  St.  Clair  limestone. — It  has  already  been 
stated  that  exposures  of  the  ore-bearing  parts  of  the  St.  Clair  lime- 
stone are  rarely  seen  on  the  surface,  as  they  are  concealed  by  a  cov- 
ering of  residual,  ore-bearing  clay.  On  the  other  hand,  the  parts 
not  containing  ore  are  often  exposed  in  their  full  thickness, 
and  this  frequently  happens  in  the  immediate  neighborhood  of  ore- 
bearing,  parts  which  have  been  completely,  or  almost  completely 
reiluced  to  their  residual  products.  The  difference  in  decay  is  seen 
«ven  where  both  rocks  were  originally  in  equally  exposed  con- 
ditions and  subject  to  identically  the  same  decomposing  influ- 
ences. The  cause  of  the  difference  therefore  must  be  looked  for 
in  physical  or  chemical  differences  in  the  rocks.  It  is  noticeable 
that  the  ore- bearing  parts  of  the  limestone,  as  a  rule,  though  not 
invariably,  contain  considerably  more  earthy  material*  than  the 
parts  not  containing  ore.  This  gives  a  porosity  to  the  rock  and 
surface  waters  sink  into  it  much  more  readily  than  they  do  into 
the  purer  rock,  which  is  more  dense  and  absorbs  less  moisture. 
Therefore,  while  the  leaching  of  carbonate  of  lime  in  the  earthy 
limestone  goes  on  both  inside  and  outside,  the  leaching  of  the 
purer  rock  is  confined  largely  to  the  surface;  and,  consequently, 
the  decay  of  the  former  is  much  more  rapid  than  that  of  the 
latter. 

Another  cause  that  may  have  assisted  in  the  rapid  decay  of 
the  ore-bearing  parts  of  the  limestone  is  carbonic  acid  derived 
from  the  ore.  The  original  condition  of  the  manganese  ore  was 
probably  that  of  carbonate.  At  present,  at  least  in  surface  ex- 
posures, the  ore  is  practically  all  in  the  oxide  form.  In  the 
transition  from  carbonate  to  oxide,  a  considerable  amount  of  car- 
bonic acid  would  be  given  off,  and  this  would  have  a  potent 
effect  in  the  decay  of  the  limestone;  while  the  part  ol  the  iorma- 


^  These  materials  are  Dot  to  be  confused  with  the  regularly  bedded  deposits  of  shaly  and 
sandy  materials  already  described  in  the  St.  Clair  limestone.  What  is  referred  to  here  is  simply 
the  earthy  material  finely  disseminated  through  the  rock. 
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tion  that  did   not  contaio  ore  would  not  be   subjected  to  this 
action^  and  would  therefore  more  effectually  withstand  decay.* 

As  a  result  of  this  unequal  decay  and  also  of  the  irregular 
and  often  abrupt  manner  in  which  the  ore  is  distributed  through 
the  rock^  the  barren  parts  of  the  limestone  frequently  protrude 
through  the  partly  enveloping  residual  clay  of  the  ore-bearing 
parts.  Hence  isolated  hills  of  pure  limestone  are  sometimes 
surrounded  on  all  sides  by  areas  of  residual  clay;  or,  areas  of  re- 
sidual clay  are  surrounded  by  reefs,  as  it  were,  of  hills  of  pure 
limestone.  Such  occurrences  are  seen  in  the  qeighborhood  of 
the  Southern  mine.  This  property  represents  an  area  of  almost 
complete  decay  of  the  St.  Clair  limestone,  yet  on  the  north,  south, 
east,  and  west  of  it  are  many  isolated  exposures  of  the  same  rock, 
but  without  ore,  in  a  good  state  of  preservation.  Moreover,  in  the 
surrounding  exposures,  the  rock  is  of  a  light  gray  color  and  often 
does  not  contain  over  3  to  5  per  cent  of  earthy  materials,  while 
the  same  rock  at  the  Southern  mine,  judging  from  the  products 
of  decay,  must  have  contained  many  times  this  amount. 

•CHEMICAL     RELATION   OP   THE   MANGANESE-BEARING    CLAY   TO 

THE   ST.   CLAIR   LIMESTONE. 

The  relation  of  the  St.  Clair  limestone  and  its  residual, 
manganese-bearing  clay  is  well  shown  in  the  chemical  com- 
position of  these  materials.  The  analyses  given  below  rep- 
resent the  c(»mposition  of  the  limestone  and  clay  as  they  occur 
on  the  William  Martin  tract,  on  Lafferty  Creek.f  The  lime- 
stone is  of  a  dark  chocolate-brown  color,  and  consists  of  a 
granular,  crystalline  mass.  The  clay  is  of  the  same  color  as  the 
limestone,  but  a  shade  darker,  and  is  a  highly  plastic,  impervi- 
ous material.  Both  the  limestone  and  clay  originally  contained 
masses  of  manganese  ore.  These  were  of  considerable  size  and  so 
unevenly  distributed,  that  unless  samples  of  several  tons  of  both 
rock  and  clay  were  taken,  their  presence  in  the  two  beds  could 


^  A  somewhat  similar  decomposing  action  caused  bj  carbonic  and  salpburic  acids  derired 
from  the  oxidation  of  carbooates  and  sulphides  of  iron  in  the  ore-bearing  rocks  of  the  Appa- 
lachian Mountains  has  been  suggested  by  Professor  J.  D.  Dana,  Amer.  Jour.  Sci.,  Vol.  CXIV', 
1877,  p.  138-139. 

t  See  page  168,  and  also  chapter  X. 
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not  be  properly  compared.  Therefore,  they  were  all  removed 
from  the  samples  taken,  and  the  manganese  shown  in  the  analyses 
represents  only  that  which  was  finely  disseminated  through  the 
limestone  and  the  clay. 

Both  samples  were  from  the  same  pit.  The  clay  was 
taken  from  a  hollow  in  the  surface  of  the  limestone  and  was 
covered  by  about  fifteen  feet  of  a  similar  clay,  which  in  turn 
was  overlain  by  a  protecting  cap  of  chert.  Therefore,  any 
changes  in  the  constituents  of  the  clay,  that  might  have  taken 
place  as  a  result  of  surface  influences  subsequently  to  its  forma- 
tion from  the  limestone,  were  reduced  to  a  minimum. 

The  following  analyses,  made  by  the  chemist  of  the  Survey, 
show  the  composition  of  the  two  materials  dried  at  110° — 115^ 
Centigrade. 

Analyses  of  the  St.  Clair  limestone  and  its  residrml  day^ 


Lime- 
stone. 


Olay. 


Manganese  oxide  (Md«04).... 

Ferric  oxide  (FeaOs) 

Alumina  (AlaOs) 

Lime(CaO) - 

Magnesia  (MgO) 

Potaah  (K2O) 

Soda  (NajO) 

Water  (HaO) ;... 

Carbonic  acid  (CO2) 

Phosphoric  acid  (PaOe) 

Silica  (SiO,^ ^ 


It  will  be  observed  that  the  constituents  of  both  the  lime* 
stone  and  clay,  though  in  different  proportions,  are  the  same, 
with  the  exception  of  carbonic  acid.  This,  in  the  form  of  car- 
bonate of  lime,  has  been  removed  during  the  decay  of  the  rock 
and  is  entirely  absent  in  the  clay.  Possibly  a  small  portion  of 
it  was  combined  as  carbonates  of  some  of  the  other  bases  present. 

If  all  the  constituents  of  the  limestone  bad  remained  in« 
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soluble  while  the  carbonate  of  lime  was  being  removed^  their 
percentages  in  the  residual  clay  should  have  been  increased  in 
direct  proportion  to  the  amount  of  carbonate  of  lime  abstracted. 
A  comparison  of  the  analyses,  however,  shows  changes  differing 
very  much  from  this  simple  ratio.  The  proportion  of  silica  has 
increased  more  than  that  of  any  of  the  other  ingredients,  while 
the  alumina  has  increased  very  nearly  as  much.  All  the  other 
constituents  have  suffered  greater  or  less  loss,  and  though,  in 
most  cases,  the  actual  proportion  that  they  form  of  the  clay  is 
larger  than  that  which  they  form  of  the  limestone,  it  is  not 
nearly  so  large  as  it  should  be,  had  they  been  uninfluenced  by 
the  same  leaching  action  that  removed  the  carbonate  of  lime. 

Assuming  that  the  silica  has  remained  absolutely  in- 
soluble, and  that  the  quantity  of  it  in  the  clay  repre.sents 
the  total  amount  of  it  in  the  limestone  from  which  the  clay 
was  derived,  a  basis  is  obtained  on  which  the  loss  in  other 
constituents  can  be  determined.*  Calculating  both  analyses 
to  100  per  cent,  it  is  found  that  the  percentage  of  silica 
in  the  residual  clay  is  8.157  times  that  in  the  original  limestone; 
or,  in  other  words,  it  has  taken  8.157  parts  of  limestone  to  give 
as  much  silica  as  is  in  one  part  of  the  clay.  Hence,  by  multiply- 
ing each  of  the  other  constituents  of  the  limestone  by  8.157, 
figures  are  obtained  which  represent  the  amount  of  each  of 
these  constituents  in  8.157  parts  of  limestone,  or,  what  is  the 
same  thing,  represent  the  quantity  of  each  constituent  that  should 
remain  had  none  of  it  been  lost  in  the  decay  of  the  rock.  By 
dividing  each  percentage  in  the  clay  by  the  corresponding 
quantity  as   obtained  above,  the  percentage  of  each  constituent 

saved  during  decay  is  obtained. 

-  —  1  ^-^^ 

<■  It  is  probable  that  at  least  a  small  portion  of  the  silica  has  also  been  carried  off  in  the 
decay  of  the  limf stone,  and,  therefore,  absolute  quantities  for  the  loss  In  the  other  ingredi- 
ents, calculated  on  ihe  ba&is  of  the  entire  insolubility  of  the  silica,  are  too  small ;  but  the  ratio 
of  the  percentages  lost  in  each  iugredient  will  remain  the  same,  whether  the  silica  was  ab- 
solutely insoluble  or  whether  it  was  partially  dissolved.  Therefore,  in  the  absence  of  eri- 
dODce  as  to  how  much  of  it  bai  been  rbmoved,  it  is  assumed,  for  '.he  sake  of  simplicity  in  the 
following  calculation,  that  all  of  it  remains. 
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This  calcalation  can  be  expressed  in  the  following  equations  : 
A=the  per  cent  of  a  given  constituent  in  the  clay. 
B=the  per  cent  of  the  same  constituent  in  the  limestone. 
X=the  per  cent  oif  the  same  constituent  saved. 
Y=the  per  cent  of  the  same  constituent  lost. 

3-;^  =  X  100 -X=Y. 

The  following  table  has  been  compiled  by  calculating  to 
100  per  cent  the  analyses  of  limestone  and  clay  already  given, 
and  from  them  obtaining  the  percentages  of  the  ingredient:)  of 
the  limestone  saved  and  lost  during  decay,  as  just  explained. 

Chemical  changes  in  the  decay  of  the  St.  Clair  limestone. 


ANALYSES. 

• 

Percentage  of 

constituents 

of  the  limestone 

saved  in  the 

claj. 

Percentage  of 
constituents  of 

Constituents. 

Limestone. 

Clay. 

the  limestone 

lost  in  the 

claj. 

Manganese  oxide  (MnaO^).... 
Ferric  oxide  (Fe.O*) 

4.83 
2.35 
4.19 

44.79 
0.30 
0.35 
0.16 
2.26 

34.10 
3.04 
4.18 

14.98 
1.99 

30.30 
3.91 
0.26 
0.96 
061 

10.76 
0.00 
2.54 

33.69 

42.41 
10.44 
88.65 

1.07 
10.62 
33.63 
46.74 
58  37 

0.00 

10.24 

100.00 

57.59 
89.56 

Alnmtna  (AlaOa)........^.* 

Lime(OaO) 

11.35 
08.93 

Masnesla  (MkO) 

89.38 

PoUsh  (K,0) « 

Soda  (Na.O) 

66.37 
53.26 

Water  (HaO) 

Ckrbonic  acid(CO.U 

41.63 
100.00 

Phosphoric  acid  (PaOs)- 

SiUca  (SiO.) 

89.76 
0.00 

100.00 

100.00 

It  will  be  observed  that  the  per  cent  of  manganese  oxide 
has  been  increased  from  4.33,  in  the  limestone,  to  14.98  in  the 
clay;  also,  that  this  14.98  percent  in  the  clay  represents  only 
42.41  per  cent,  or  less  than  half,  of  the  manganese  that  would 
have  remained  had  none  of  it  been  lost  in  the  decay  of  the  rock. 
In  other  words,  57.59  per  cent  of  the  manganese  oxide  that  was 
once  finely  disseminated  through  the  limestone,  has  been  lost  in 
the  conversion  of  that  rock  into  residual  clay.  This  amount  has 
been  carried  off  in  solution,  probably  in  the  form  of  bicarbonate 
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of  manganese^  as  further  explained  in  the  fiaal   chapter   of   this 
volume. 

It  has  already  been  stated  that  the  original  samples  of  lime- 
stone and  clay  that  were  taken  for  analysis,  contained  large 
masses  of  manganese  ore,  but  these  were  removed  for  reasons 
already  stated,  and  what  remained  in  the  materials  analyzed  rep- 
resented only  the  mangaaese  that  existed  in  a  finely  divided 
form.  In  this  shape,  the  manganese  would  be  much  more  rap- 
idly taken  up  by  surface  waters  than  in  the  form  of  lumps,  as  a 
much  larger  proportion  of  surface  is  exposed  to  the  dissolving 
action.  Therefore,  the  above  percentage  of  loss  is  greater  than 
would  be  represented  by  the  actual  percentage  of  loss  from  the 
whole  ore-bearing  deposit,  including  both  the  lump  and  the 
finely  disseminated  ore.  When  the  lumps  of  ore  are  exposed  on 
the  surface,  they  rapidly  crumble  into  small  particles  and  then 
into  powder,  in  which  form  they  are  easily  removed  by  the 
dissolving  and  eroding  action  of  surfa'^e  waters.  But  when  they 
are  buried  in  the  clay,  they  are,  to  a  large  degree,  protected  by 
the  impervious  nature  of  that  material,  and  retain  their  hard^ 
massive  form,  suffering  but  little  from  the  action  of  water» 
Therefore,  it  is  safe  to  say,  that,  in  the  cass  in  question,  proba- 
bly less  than  25  per  cent  of  the  total  manganese  that  was  origin- 
ally in  the  limestone  has  been  lost  during  the  transition  into* 
clay ;  also,  that  the  loss  was  largely  in  ore  in  the  finely  dissem- 
inated state,in  which  it  was  unavailable  for  commercial  purposes. 
The  total  loss  in  commercially  valuable  lump  ore  has  probably 
not  been  ten  per  cent.  In  other  places  where  the  ore  deposit  is- 
still  better  protected,  the  loss  is  probably  less,  while  in  the 
many  cases  where  the  deposit  is  less  well  protected,  the  loss  baa 
been  greater. 

One  of  the  most  noticeable  features  in  the  above  table  is 
the  excess  of  loss  in  iron  over  that  in  manganese.  This  may 
possibly  be  due  to  different  chemical  conditions  of  the  two 
ingredients,  but  it  is  more  likely  an  accidental  occurrence  due  to 
the  limestone  from  which  the  clay  was  formed,  having  contained 
less  iron  or  more  manganese  than  the  sample  of  limestone 
analyzed.     The  iron  and   manganese   in   the  original   limestone 
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were  doubtless  largely,  if  not  altogether,  in  the  form  of  oxides^ 
as  shown  by  the  color  of  the  rook  and  by  the  nature  of  the  larger 
masses  of  these  materials  already  referred  to.  A  part  of  them 
may  have  been  combined  with'  the  other  acids  present,  but  the 
amount,  as  compared  with  that  in  the  oxide  form,  was  small. 
Both  metals  have  preserved  their  oxide  form  in  the  residual 
<;lay.* 

As  already  stated,  a  larger  part  of  the  lime  was  combined  as 
carbonate  in  the  original  limestone,  but  it  will  be  observed  that 
a  small  amount  of  it  (3.91  per  cent)  exists  in  the  residual  clay, 
after  ail  the  carbonic  acid  has  been  removed.  As  the  only 
other  acids  present  in  either  the  limestone  or  the  clay  are  silicic 
acid  and  phosphoric  acid,  the  presence  of  this  remaining  lime  is 
probably  to  be  explained  by  the  existence  of  a  small  portion 
of  it  in  combination  with  silica,  or  with  phosphoric  acid  as  tribasic 
phosphate  of  lime.. 

The  large  percentages  of  potash  and  soda  saved,  point  to  a 
more  insoluble  form  for  these  ingredients  than  carbonates  or 
phosphates,  and  it  is  probable  that  they  were  united  in  the  lime- 
stone with  a  part  of  the  silica  in  the  form  of  complex  silicates  of 
alkalies  and  other  bases. 

The  water  in  the  residual  clay  may  be  in  combination  with 
silica  and  alumina  in  the  form  of  hydrous  silicates  of  alumina,  or 
with  alumina  alone  in  the  form  of  a  hydrate  of  alumina. 

NATURE   OF   THE   MANGANESE   DEPOSITS. 

It  has  already  been  shown  how  the  manganese  ores  of  the 
Batesville  region  originally  existed  in  the  St.  Clair  limestone 
(**gray  rock^'),  and  how  they  were  derived  from  that  formation  by 
its  decay  and  by  the  concentration  of  the  ore  in  the  residual  clay. 
It  will  now  be  the  object  to  describe  the  nature  of  these  deposits 
of  residual  ore-bearing  clay  and  the  relation  of  their  mode  of 
derivation  to  their  economic  development. 

Distribution  of  ore  in  the  clay, — The  di^t^ibution  of  man- 
ganese ore  in  the  clay,  as  would  be  expected   from  its  unequal 

^  The  original  condition  of  the  iron  and  manganese  in  the  limestone  may  have  been  as 
carbonates,  but  later  oxidation  has  conyertad  them,  at  least  In  the  surface  exposures  of  the 
limestone,  inte  oxides.    (See  page  167.) 
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distribution  :n  the  limestone,  is  irregular,  and  is  the  principal 
t^ause  of  the  uncertainty  in  mining  it.  In  some  places,  though 
rarely,  it  is  evenly  distributed  throughout  a  large  body  of  clay  ; 
but  in  most  places  it  is  in  numerous  pockets  surrounded  by  clay 
t)ontaining  no  ore.  These  pockets  vary  greatly  in  character : 
sometimes  they  are  comparatively  solid  bodies,  separated  only 
by  thin  films  or  seams  of  olay,  and  containing  from  fifty  to  five 
hundred  tons  or  more  of  ore ;  sometimes  they  consist  of  large 
and  small  masses  of  ore  imbedded  together  in  greater  or  less 
tjuantities  in  certain  places  in  the  clay ;  at  other  times  they  are 
composed  of  small  nodules  or  grains  (called  '^wash  dirt"  or 
''shot  ore"  by  the  miners)  disseminated  throughout  the  clay. 
The  mass  of  these  pockets  of  ''wash  dirt"  contain  from  five  to 
twenty-five  per  cent  of  manganese  ore.  Sometimes  large  areas 
of  clay  contain  little  or  no  ore,  just  as  lar^e  areas  of  the  original 
limestone  often  hold  enough  insoluble  material  to  form  a  clay 
bed,  yet  contain  no  manganese. 

Effect  of  the  unequal  decomposition  of  the  limestone  on  the 
pockets  of  ore. — As  the  bodies  of  ore  in  the  original  limestone 
tended,  in  a  general  way,  to  follow  the  almost  horizontal  bed- 
ding of  the  rock,  and  often  had  an  oblong,  flat  shape,  it  would 
be  expected  that  they  would  retain  something  of  that  shape  in 
the  residual  clay.  In  most  cases,  however,  the  horizontal  posi- 
tion has  been  considerably  disturbed  by  the  unequal  decay  of 
the  limestone,  and  the  flat  bodies  of  ore  have  been  broken  into 
angular  fragments,  or  crushed  together  in  a  shapeless,  shattered 
mass.  Sometimes  the  fragments  of  ore  have  been  separated  in 
the  unequal  sinking  of  the  clay  and  have  been  carried  to  different 
depths.  Where  the  ore  originally  existed  in  the  limestone  as 
separate  nodules,  the  same  agencies  have  tended  to  scatter  them, 
thus  still  further  dividing  the  deposits  us  they  originally  existed  in 
the  limestone.  This  action  has  undoubtedly,  in  many  places,  caus- 
ed a  more  general  distribution  of  manganese  in  the  clay  than  was 
the  case  in  the  St.  Clair  limestone.  Of  course  the  aggregate 
amount  of  ore  has  not  been  increased,  but  the  original  pockets 
iiave  been  broken  up  and  separated. 

In  some  places,  however,  where  the  decaying  limestone  has 
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retained  a  comparatively  even  sarface,  the  pockets  of  ore  pre-^ 
serve  their  general  horizontal  position.  Such  is  the  case  at  the^ 
Southern  mine,  near  Cushman,  where,  though  the  ore  bodiea 
sometimes  pitch  at  high  angles,  a  characteristic  mode  of  occur- 
rence is  as  almost  horizontal  pockets,  gently  undulating  and  of 
variable  thickness. 

It  is  also  a  noteworthy  fact  that,  where  the  surface  of  the 
St.  Clair  limestone  has  been  worn  into  the  domes  and  peaks,  al- 
ready described,  the  clay  and  its  accompanying  ore  have  a  dis- 
tinct dip,  pitching  away  from  such  protuberances  on  all  sides. 
This  feature  is  a  natural  consequence  of  the  sinking  of  a  soft, 
plastic  clay  on  an  uneven  surface,  and  a  knowledge  of  it  will 
prove  of  value  in  the  practical  mining  of  the  ore.  When  a  body 
of  ore  is  found  in  the  clay  at  or  near  the  surface  of  one  of  these 
limestone  peaks,  its  dip  will  be  found  to  conform  more  or  less 
closely  to  the  angle  of  slope  of  the  surface  of  the  limestone. 
Therefore  the  extension  of  the  ore  is  to  be  looked  for  in  such 
directions  and  not  in  the  interior  of  the  limestone,  as  is  often 
thought  to  be  the  case.  A  large  amount  of  time  and  labor  haa 
often  been  spent  fruitlessly  in  blasting  through  bodies  of  lime- 
stone in  hopes  of  finding  ore  in  them,  when,  if  there  is  any 
workable  ore  in  the  locality  at  all,  it  will  be  found  in  the  clay 
enveloping  the  limestone,  and  not  in  that  rock  itself.  As  already 
explained  in  this  chapter,  the  manganese  has  all  been  derived 
from  the  limestone,  but  it  is  only  in  the  clay  resulting  from  the 
decay  of  the  limestone,  that  the  ore  can  be  profitably  mined.* 
Hence  the  uselessness  of  attempting  to  blast  into  the  limestone  and 
the  necessity  of  looking  for  the  extension  of  the  ore  in  the  envel- 
oping clay. 

Nature  of  the  clay. — The  clay  containing  the  ore  is  generally 
of  a  red,  dark  purple  or  chocolate- brown  color,  though  sometimes 
it  assumes  a  yellow  color.  It  is  soft  and  plastic  when  wet^ 
but  when  dried,  becomes  a  friable,  earthy  mass.  It  is  frequently 
associated  with  greater  or  less  quantities  of  sandy    materials,. 

■»  For  the  exception  to  thi«  rule  see  page  174,  alec  chapter  X. 
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such  as  have  been  already  described  as  occurring  in  the  original 
limestone.*     (See  page  169.) 

The  gradual  and  irregular  sinking  of  the  clay  has  caused 
numerous  faults  aud  joints  in  the  deposit^  running  in  all  direc- 
tions, both  in  straight  and  in  curved  lines.  The  faces  of  these 
disturbances  are  deeply  scored,  showing  distinct  marks  of  stri- 
ation  (sliqkensides)  and  a  bright,  highly  glossy  surface.  When 
the  clay  is  red,  the  slickensides  are  often  of  a  brilliant  crimson 
color;  and  when  it  is  brown,  they  are  of  a  very  highly  polished^ 
black  or  dark  brown  color.  Sometimes  manganese  in  solution 
has  been  carried  into  these  joints  aud  has  been  deposited  as  a 
thick,  black  film  or  sheet. 

Masses  of  St,  Clair  limestone  in  the  overbearing  clay. — Besides 
the  bodies  of  ore  found  in  the  manganese-bearing  clay,  there  also 
occur  numerous  loose  ma8ses  of  the  original  St.  Clair  lime- 
stone, representing  parts  of  that  formation  which  have  so  far 
escaped  decay.  These  vary  in  size  from  a  few  inches  to  twenty 
feet  or  more  in  diameter,  and  have  a  rough,  granular  surface* 
They  often  contain  more  or  less  manganese,  either  in  the  form 
of  nodules,  seams,  or  a  finely  disseminated,  brown  coloring  mat- 
ter. Occasionally  masses  of  ore  protrude  from  their  surfaces, 
as  a  result  of  the  leaching  of  the  limestone  from  around  them. 
In  such  cases  the  ore  is  commonly  thought  by  the  miners  to 
have  been  stuck  to  the  surface  of  the  rock,  or,  as  they  express 
it,  to  have  been  "welded  on,''  but  it  is  really  a  directly  opposite 
process  that  is  taking  place,  that  is,  the  ore  is  being  freed  from 
the  limestone.  Fragments  of  the  limestone,  of  a  gray  color  and 
almost  entirely  free  from  manganese,  oflen  occur  in  the  midst  of 
the  ore-bearing  clay.  The  presence  of  these  is  easily  explained 
when  the  nature  of  the  original  St.  Clair  limestone  is  understood. 


*  Where  the  OTerlying  chert  ifl  thin  or  is  represented  onlj  by  scattered  fragments,  the 
■arface  of  tAe  ore-beariog  clay  is  often  cultirated.  These  fields  are  Tery  productiTe,  and  their 
fertility  is  probably  due  to  the  large  amount  of  phosphoric  acid  in  the  soil  (0.25  per  cent  ta 
orer  2  per  cent)  and  not,  as  is  usually  supposed,  to  the  manganese.  The  latter  substance  is  a 
desirable  ingredient  in  the  soil,  as  it  forms  a  part  of  the  mineral  conatitueots  of  many  plants., 
(see  pages  2-3),  but  its  presence  is  not  sufficient  to  account  for  the  productireness  in  the  present 
case.  The  presence  of  the  chert  fragments  and  rounded  pebbles  in  the  soil  are  also,  to  a  certain 
extent,  of  advantage,  for,  though  they  increase  the  difficulty  ia  plowing,  they  gire  a  porosity 
to  the  clay  which  is  needed  in  such  an  impervious  material. 
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• 

It  is  a  commoD  occarrence  for  strata  of  maDganese  bearing 
parts  of  the  limestone  to  be  separated  by  barren  parts,  and,  in 
the  disintegration  ofthe  whole  formation,  the  masses  of  the  barren 
rock  are  mixed  with  those  of  the  ore-bearing  kind  in  the  residual 
clay.  Often,  also,  the  manganese-bearing  rock  is  softer  and  more 
earthy  than  the  barren  and  purer  limestone,  and  succumbs  more 
readily  to  the  dissolving  action  of  water,  causing  a  tendency  for 
the  number  of  pure  masses  to  exceed  that  of  the  manganese-bear- 
ing kind.  Though  such  is  sometimes  found  to  be  the  case,  both 
kinds  are  of  frequent  occurrence  in  the  clay. 

In  places  the  limestoue  masses  occur  in  the  upper  part  of  the 
<3lay  bed,  with  a  depth  of  fifty  feet  or  more  of  clay  below  them. 
That  these  loose  masses  have  not  been  decomposed  before  enough 
of  the  underlying  rock  has  decayed  to  form  the  great  thickness 
of  clay  that  is  now  beneath  them,  is  probably  due  to  the  fact  that 
the  clay  is  very  dense  and  has,  to  a  great  extent,  protected  them 
from  the  decomposing  influence  of  surface  waters;  while  the  main 
mass  of  the  rock  below  is  exposed  to  the  action  of  water 
<$onstantly  percolating  at  its  line  of  contact  with  the  base  of  the 
overlying  clay.  The  same  cause  has  probably  operated  in  sav- 
ing a  large  amount  of  the  manganese  ore  set  loose  from  the  lime- 
stone, since,  if  this  had  been  exposed  to  the  disintegrating 
influences  of  air  and  water  ever  since  it  was  freed  from  the  rock> 
it  would  doubtless  have  been  entirely  carried  away.  A  tendency 
to  decay  is  seen  in  the  porous,  earthy  crust  that  surrounds  the 
interior  harder  part  of  the  ore  even  when  buried  in  the   clay. 

Conditions  regulating  the  quantity  of  the  ore-bearing  clay. — 
The  quantity  of  the  residual  clay  varies  greatly  in  different 
places,  and  is  directly  dependent  on  the  amount  of  insoluble 
material  that  existed  in  the  original  limestone,  and  on  the  extent 
to  which  that  rock  has  been  decomposed.  Sometimes  it  contains 
less  than  two  per  cent  of  insoluble  material,  the  rest  being 
al  most  entirely  carbonate  of  lime ;  and  in  such  cases  the  residue 
would  be  exceedingly  small;  in  fact  it  would  probably  be 
im  perceptible,  as  the  waters  that  dissolved  the  carbonate  of  lime 
would  tend  to  carry  off  this  small  amount  in  mechanical  sus()en- 
«ion.     In  places  where  the  manganese   ore   is   found,    however, 
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'the  insoluble  material  generally  forms  a  much  larger  percentage 
of  the  limestone,  and  sometimes^  judging  from  the  thickness  of 
the  residual  clay,  it  must  have  composed  as  much  as  a  quarter 
or  more  of  the  whole  mass  of  the  rock.  This  is  the  reason  why 
there  is  little  or  no  residual  clay  in  many  places  where  the  whole 
of  the  limestone  has  been  decomposed,  while  in  others^  where  even 
only  a  part  of  the  limestone  has  decayed,  there  are  large  deposits 
of  it.  Surface  erosion  may,  in  some  cases,  be  responsible  for 
the  removal  of  the  clay,  but  where  such  deposits  have  a  protecting 
cap  of  chert,  the  influence  of  this  factor  in  its  removal  is  small.. 
Again,  when  the  amount  of  ore  and  insoluble  matter  in 
the  rock  is  the  same  in  two  places^  there  will,  of  course,  be  the 
largest  deposit  of  clay  and  its  accompanying  manganese  in  that 
place  where  the  greatest  amount  of  decomposition  of  the  lime- 
stone has  gone  on,  since,  where  the  rock  has  not  decayed,, 
the  clay  and  ore  are  still  locked  up  in  it.  Here,  therefore,  is  a 
most  important  factor  in  the  determination  of  the  value  of  a 
manganese  property  in  the  Batesville  region.  If  the  St.  Clair 
limestone  is  seen  cropping  out  plentifully  on  a  given  hill,  it  may 
be  confidently  concluded  that  very  little  of  it  has  decayed  and 
that  the  ore-bearing  clay,  if  it  exists  at  all,  will  be  of  limited 
extent.  On  the  other  hand,  if  the  St.  Clair  limestone  does  not 
crop  out  on  the  hill,  and  if  it  is  evident  from  the  nature  of  the 
surrounding  region  that  it  was  there  once*  and  that  it  no  longer 
exists,  then  it  must  have  decayed,  and  the  manganese-bear-^ 
ing  clay  deposits  can  be  looked  for  w'ith  the  possibility  of  finding 
them,  the  amount  of  ore  in  them  depending  on  th^  amount  in 
the  original  limestone.  If  that  rock  contained  no  ore,  the  clay 
deposit  will  contain  none;  and  if  the  rock  was  rich  in  ore,  the 
clay  will  also  be  rich.  The  ore  in  the  clay,  however,  will  be  in  a 
more  concentrated  form  than  it  was  in  the  limestone,  as  the  car- 
bonate of  lime  in  the  latter  has  been  dissolved  out,  and  the  ere 
and  clay  brought  together  as  a  residual  product,  representing 
often  only  a  small  part  of  the  original  rock. 

*  It  hM  alreAdjr  been  shown  in  chaptor  VI.  that  the  rocks  of  th«  BatatTille  re^rion   lie 
almost  horizontally.    Therefore,  it  is  easy  to  follow  the  ooDtinuatlon  of  anj  g iren  forma-, 
tion  on  the  slopes  of  the  hills  in  the  area  of  itsoc3arreace,  as  it  will  crop  oat  at  approximately 
the  same  leTel  in  neighboring  looalities. 
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Between  the  stages  of  very  little  decay  of  the  limestone  and 
complete  decay,   there  are  all  gradations  in  the  decomposition  of 
the  rock  and,  therefore,  all  gradations  in  the  possible    extent  of 
the  ore-bearing  clay. 

Such  reasoning  as  that  used  above  will  not  afford  exact  esti- 
mates of  the  quantity  of  ore  in  a  given  place,  as  that  depends 
absolutely  on  the  amount  of  ore  that  was  in  the  original  lime- 
stone before  it  decayed.  Therefore,  the  quantity  of  ore  present 
must  be  determined  by  prospecting,  but  the  principles  set  forth 
in  the  foregoing  paragraphs,  if  carefully  put  into  practice,  will 
indicate  very  clearly  the  places  that  can  be  prospected  with  a 
reasonable  possibility  of  finding  ore,  and  the  places  where  it  will 
be  useless  to  prospect.  In  this  manner  a  miner  going  into  the 
region  can  soon  determine  to  wh^t  localities  he  should  direct  his 
attention,  and  thus  save  a  great  amount  of  unprofitable  labor. 
•  Time  required  for  the  accumulation  of  the  ore-bearing  clay. — 
Though  the  process  of  setting  the  ore  free  from  the  rock  has, 
in  many  parts  of  the  Batesvilie  region,  taken  place  on  a  large 
scale,  it  has  been  very  slow,  and  the  time  required  to  decom- 
pose a  large  bed  like  the  St.  Clair  limestone  cannot  be  measured 
in  years  or  centuries.  The  decay  has  been  going  on  for  geologic 
ages  and  is  still  going  on  at  the  present  day.  Doubtless,  since 
the  decay  began,  the  St.  Clair  limestone  has  not  only  been 
decomposed  in  many  places,  but  the  resulting  ore  and  clay  as 
well  as  the  chert  capping,  have  been  carried  away  by  the  long 
continued  surface  erosion.  The  deposits  that  are  now  left,  there- 
fore, are  thgse  that  have  been  formed  at  a  sufficiently  recent  date 
to  survive  this  erosion. 

Uncertain  thickness  of  the  ore-bearing  clay. — As  a  result  of 
the  uneven  manner  in  which  the  St.  Clair  limestone  decays, 
sinking  down  in  deep  holes  and  leaving  steep  domes  or  peaks, 
and  also  of  the  equally  uneven  manner  in  which  the  Izard  lime- 
stone decays  afi:er  all  the  overlying  formation  has  succumbed, 
the  depth  of  the  manganese-bearing  clay  is  very  changeable, 
even  over  limited  areas.  Practical  tests  have  proved  the  thick- 
ness to  vary  all  the  way  from  a  few  inches  to  almost  a  hundred 
feet.     Ashafl  may  be  sunk  in  clay  forty  or  fifty  feet  deep  in  one 
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place,  and  perhaps  twenty  yards  off  the  same  clay  is  not  ten  feet 
tleep.  In  the  first  case  the  shaft  has  struck  a  hollow  in  the 
the  limestone;  in  the  second,  it  has  met  with  one  of  the  domes 
*t)r  peaks  of  undecayed  limestone.  Frequently  over  a  hundred 
feet  of  unaffected  limestone  are  found  in  one  place,  while,  less 
than  half  a  mile  away,  the  whole  formation  has  been  completely 
decomposed.  A  remarkable  case  of  this  is  seen  at  and  near  the 
Southern  mine,  which  is  further  mentioned  in  this  chapter  and 
also  in  chapter  X. 

THE  CHERT  CAPPING  OF  THE  MANGANESE  DEPOSITS. 

Power  of  resisting  erosion. — It  will  be  seen,  from  what  has 
already  been  said,  that  a  considerable  thickness  of  chert  still 
exists  in  many  places,  even  after  the  whole  of  the  St.  Clair  lime- 
stone and  a  part  of  the  Izard  limestone  have  been  removed  from 
tinder  it.  This  is  due  to  the  fact  that,  (1)  the  chert  bed  is  com^ 
posed  of  almost  pure  silica,  which  is  insoluble,  or  almost  so,  in 
surface  waters;  (2)  it  is  in  the  form  of  a  hard  flinty  rock  which 
strongly  resists  mechanical  disintegration.  Hence,  while  the 
more  easily  dissolved  limestone  below  slowly  succumbs  to  the 
influences  of  surface  waters,  and  a  large  part  of  its  mineral  mat- 
ter is  carried  away,  the  chert  gradually  sinks  in  to  fill  the  cavities 
thus  formed.  During  the  removal  of  the  underlying  rock,  how- 
ever, the  chert  has  not  remained  entirely  unaffected.  As  already 
explained  on  page  129,  the  formation  normally  contains  inter- 
^tratified  beds  of  limestone,  and  these  have  been  leached  out. 
Even  the  chert  itself,  though  more  resistant  than  the  limestone, 
is  by  no  means  absolutely  proof  against  the  action  of  surface 
influences  and  has  lost  a  large  part  of  its  original  bulk.  Though 
sometimes  a  considerable  thickness  of  it  is  still  left,  yet,  in  many 
places,  it  has  been  almost  entirely  eroded  away  and  the  only  indi- 
cations of  its  former  existence  are  a  few  angular  fragments  in  the 
surface  of  the  residual  clay. 

The  thickness  of  the  chert  formation  in  the  manganese 
region,  where  it  is  seen  unafiected  by  weathering,  varies  from  a 
hundred  and  twenty-five  to  over  two  hundred  feet;  but  where  the 
8t.  Clair  limestone  has  completely  decayed  and  the   chert  has 
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been  let  down  upon  the  residual  clay,  it  never  has  even  the 
lesser  thickness,  and  usually  does  not  exceed  thirty  to  sixty  feet^ 
Sometimes  the  chert  has  been  locally  turned  on  end  in  the  subsid- 
ence that  it'  has  undergone,  and  in  sinking:  shafts  in  such  places 
it  has  occasionally  been  found  necessary  to  go  down  over  sixty 
feet  before  reaching  the  ore-bearing  clay.  This  depths  however^ 
does  not  represent  the  actual  thickness  of  the  chert  bed,  as  the 
shaft  is  not  sunk  at  right  angles  to  the  stratification,  but  ob- 
liquely to  it,  and  therefore  the  thickness  is  exaggerated.  Pos- 
sibly, not  fifty  feet  from  such  a  place  the  chert  may  be  more 
nearly  horizontal^  and  another  8haft  may  pierce  less  than 
half  this  thickness  of  the  rock  before  reaching  the  clay.  Such 
occurrences  are  common  at  the  Soutnern  mine,  where  the 
thickness  of  the  chert  capping,  as  estimated  by  shafts^  varies 
from  less  than  ten  to  over  sixty  feet. 

Amount  of  subsidence  of  the  chert. — The  vertical  distance 
which  the  chert  has  subsided  can  only  be  estimated  from  the 
thickness  of  the  underlying  limestone  that  has  been  removed.  In 
the  manganese  region^  the  St.  Clair  limestone,  when  not  decayed^ 
varies  from  a  hundred  to  over  a  hundred  and  fifty  feet  in 
thickness ;  and  not  only  has  this  often  been  entirely  decomposed^ 
but  a  part  of  the  underlying  Izard  limestone,  also,  has  sometimes 
decayed.  In  estimating  the  subsidence  uf  the  chert,  account  must 
be  taken  of  the  residual  clay  that  has  remained,  and,  as  the 
quantity  of  this  is  variable,  its  exact  thickness  is  difficult  to 
estimate  accurately  without  a  practical  test.  It  is  also  difficult  to 
determine  definitely  whether  the  underlying  limestone,  before  it 
decayed,  tended  towards  its  maximum  or  its  minimum  thick- 
ness; but  an  approximation  to  the  original  thickness  can  gener- 
ally be  made  by  measuring  the  formation  in  the  nearest  places 
in  which  it  is  exposed  in  an  undecomposed  state.  From  a  con* 
sideration  of  all  these  data^  it  is  certain  that  the  chert  formation, 
or  rather  the  part  of  it  that  remains,  has,  in  many  places,  been 
.  let  down  as  much  as  a  hundred  feet^  and  possibly,  in  some 
places,  somewhat  more.  In  cases  of  such  extreme  subsidence, 
however,  it  is  rarely  that  a  thickness  of  more  than  twenty  or 
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thirty  feet  of  chert  is  left;  but  subsidences  of  from  forty  to  fifty 
feet  are  nutnerous,  and  in  such  cases  a  thickness  of  from  thirty 
to  sixty  feet  of  chert  often  remains. 

Effect  of  the  subsidence  on  the  structure  of  the  chert, — The  sink- 
ing of  the  chert  has  been  an  exceedingly  slow  process,  and  has 
gone  on  at  the  same  time,  and  at  the  same  rate,  asthe  slow  de- 
composition of  the  limestone.     It  has,  however,  effected  a  great 
change  in  the  structural  condition  of  the  formation  as  a  wholp, 
causing  it  to  be  much  broken  and  faulted  and  curved  into  small, 
shattered  anticlines  and  synciines,  often  dipping  off  at  angles  of 
from  45°  to  60°  or  more,  and  much   resembling  those  formed  by 
lateral  pressure.     These  chert  disturbances  are  not  due  to  lateral 
pressure,  however,  for  the  underlying  rocks  are  either  horizontal 
or  dip  gently  to  the  south  or  southwest,  and   show    no    trace 
whatever  of  any  disturbances  like  those  that  have  affected  the 
chert.     It  is  also  observable  that,  when  the  limestone  has  not 
been  attacked,  the  chert  overlying  it  shows  no  signs  of  disturb- 
ance; while,  where  the  limestone  has  decayed,  the  chert  has  been 
affected,  and  the  amount  of  disturbance  depends  directly  on  how 
much  and  how  unevenly  the  limestone  has  been  decomposed.    It 
is  invariably  the  case  that,  where  the  chert  has  been  thrown  into 
an  anticline,  its  form  is  regulated  by  an    underlying  body    of 
limestone,  or  by  an  especially  abrupt  accumulation  of  residual 
clay;  and  when  it  is  in  the  form  of  a  syncline,  its  structure  is  de- 
pendent on    the  intervals  between   similar    inequalities.     Fre- 
quently,  also,  the  chert  covers  a  projecting  knob  on  all  sides 
and  dips  off   in   the  form   of  a  cone.     Thus  the    problem  of 
the  amount  of  disturbance  in  the  chert  reduces  itself  to  a  ques- 
tion of  the  contour  of  the  decaying  surface  of  the  limestone. 

The  chert  has  assumed  the  contorted  forms  entirely  by  a 
series  of  fractures,  and  the  result  is  that  a  section  of  the  dis- 
turbed rock  has  the  appearance  of  being  loosely  put  together ;  yet, 
though  the  blocks  and  slabs  of  rock  are  often  disconnected,  the 
original  continuity  of  the  different  parts  can  be  clearly  made  out. 
Though  the  chert  is  a  hard  rock,  it  is  very  brittle,  and  when 
the  underlying  limestone  is  removed,  it  acts  very  much  as  would 

18  Geological,  Vol.  i.,  1890. 
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a  plate  of  glass  if  broken  by  being  pressed  down  over  an  uneven 
surface.  It  is  to  this  brittle  quality  that  the  chert  owes  its 
power  of  adapting  itself  to  the  undulations  of  the  underlying 
surface. 

When  the  chert  becomes  very  thin,  it  loses  all  traces  of 
former  structure  and  occurs  simply  as  an  irregular  heap  of  loose, 
angular  fragments.  As  a  result  of  this,  a  common  feature 
throughout  the  manganese  region  is  the  occurrence  of  small  ab- 
rupt hills  of  Izard  limestone,  overlain  by  ore-bearing  clay  and 
capped  by  prominent  knobs  of  loose  chert,  covering  sometimes 
only  a  few  acres. 

The  accompanying  drawing,  made  from  a  photograph, 
illustrates  the  disturbances  in  the  chert  as  seen  at  the  Grubb 
Out,*  one  mile  north  of  Cushman,  and  shows  the  dependence  of 
these  disturbances  on  the  shape  of  the  decayed  surface  of  the 
underlying  limestone.  The  view  represents  the  side  of  a  man- 
ganese pit  from  twenty  to  thirty  feet  in  depth.  The  rock  in  the 
center  is*  a  protruding  mass  of  St.  Clair  limestone,  showing  a 
surface  characteristically  rounded  oflf  by  decay.  The  rock  in  the 
background  is  the  shattered  chert  which,  as  the  underlying 
limestone  has  decayed,  has  sunk  down  over  the  protruding  knob, 
dipping  off  from  it  on  all  sides  in  the  form  of  a  cone.  The 
excavation  was  made  on  the  apex  of  this  cone  and  the  dip 
of  the  chert  can  be  seen  on  all  sides  of  the  pit.  At  the  base  of 
the  chert,  and  occupying  the  foreground  in  the  drawing,  is  the 
manganese-bearing  clay.  This  surrounds  the  knob  of  limestone 
and  a  shaft  is  said  to  have  been  sunk  into  it  for  a  depth  of  over 
60  feet  below  the  bottom  of  the  pit. 

Figure  10,t  on  page  195,  represents,  on  a  smaller  scale,  a 
cross  section  of  the  same  pit.  It  is  at  right  angles  to  the  view  in 
the  drawing,  and  therefore,  in  connection  with  it,  brings  out  the 
conical  form  of  the  chert.  It  shows  an  additional  knob  of 
limestone,  but  otherwise  illustrates  the  same  subject. 

It  is  only  in  a  few  places  in  the  manganese  region  that  ex- 

«  This  loc«litj  la  desoribed  more  fully  in  chapter  X. 

-f-Kamerous  other  figures  illustrating  the  decay  of  the  St.  Clair  limestone,  the  formation 
of  ore-beariof  clay,  and  the  consequent  disturbances  in  the  chert  are  given  in  chapters 
IX  and  X. 
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posuresofthediatiirbed  chert  can  beseeo,  as  the  sar&ce  is  usually 
covered  by  loose  rock  whioh  obscure  the  dip.  Bat  in  many 
-openiDgB  at  the  Southern  mine,  and  in  a  few  other  places,  the 
feults  and  steep  dips  are  clearly  shown.     From  the  similarity  of 


Figun  10.    SeeHen  IKr^ugh  the  Oruib  Oat,   «IH  milt  north  ^  CvAmn 
■»JIH3t.  Clair  Umalmt,  Ihe  formatioK  oj  TiiUa 
tiiiingojiht  overly tnff  Boonm  chert. 
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these  places  to  the  surrounding  cherts-covered  country,  it  seems 
probable  that  all  of  the  region,  where  the  St.  Clair  limestone 
has  been  leached  from  under  the  chert,  is  affected  in  the  same 
way. 

Most  of  the  topographic  inequalities  in  the  barren  chert  re- 
gion lying  south  of  the  manganese  area,  however,  are  formed  by 
the  simple  process  of  the  erosion  of  the  chert,  as  can  be  seen  by 
the  horizontal  position  of  the  beds  where  they  are  exposed  in  the 
sides  of  the  ravines.  There  are  no  indications  of  disturbance,  and, 
though  the  slopes  are  covered  by  chert  fragments,  these  are  only 
piece.t  broken  from  the  exposed  edges  of  the  main  formation. 
This  is  especially  true  in  the  southern  part  of  the  chert  area, 
where  the  formation  crops  out  in  its  full  thickness,  and  the 
limestone  is  beneath  the  drainage  level  of  the  country.  It  is  to 
the  north,  therefore,  in  the  manganese  region  proper,  where  the 
chert  covering  is  thinner  than  it  is  to  the  south,  and  where  the 
limestone  begins  to  yield  to  the  dissolving  powers  of  carbonated 
waters,  that  the  phenomena  already  described  occur. 

The  accompanying  drawing,  from  a  photograph,  represents 
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the  ohert  and  St.  Clair  limestone  in  the  bluffs  on  the  east  side  of 
Polk  Bayou,  four  miles  north  of  Batesville.  The  locality  is  only 
a  short  distance  north  of  the  most  southerly  outcrop  of  the  St. 
Clair  limestone,  and  this  formation  still  retains  its  full  thickness 
in  an  undecayed  condition.  It  comprises  the  lower  part  of  the 
bluff,  reaching  from  the  bed  of  the  bayou  in  the  foreground,  up 
to  where  the  dark  line  passes  along  the  surface  of  the  rock  on 
the  left  side  of  the  drawing.  Above  the  St.  Clair  limestone  ia 
the  chert  formation,,  dipping  gently  with  the  limestone  to  the 
south,  and  showing  none  of  the  disturbances  seen  in  the  last 
drawing;  the  reason  being,  as  just  explained,  that  the  limestone 
has  not  decayed  and  therefore  the  chert  has  not  subsided  as  it 
has  done  at  the  Grubb  Cut.  At  the  Polk  Bayou  locality,  the 
chert  forms  a  very  steep  and,  at  times,  perpendicular  ledge,  fre- 
quently protruding  in  bold,  turret-like  forms,  as  seen  on  the 
upper  right  hand  side  of  the  drawing.  Jts  weathered  surface  is 
markedly  contrasted  with  that  of  the  underlying  limestone,  by 
rough,  protruding  knobs  and  layers,  representing  the  more  re- 
sistant parts  of  the  formation.* 

MANGANESE  IN   THE  CHERT. 

Manganese  stain  in  the  chert.--  Wherever  the  chert  overlies 
or  is  mixed  with  the  manganese-bearing  clay,  it  is  almost  always 
more  or  less  stained  with  manganese,  which  usually  occurs  as  a 
thin  layer,  coating  the  loose  fragments  or  permeating  the  cracks 
of  the  rock.     Such  layers  are  often  so  numerous  that  the  chert 
presents  a  network  of  intersecting  black  lines.     An  examination 
of  the  chert  formation,  where  it  is  solid  and  overlies  the  unde- 
composed  limestone,  shows  that  it  is  free   from  this  stain,    but 
wherever  it  is  broken  and   overlies  the  ore-bearing   clay,  it   in- 
variably contains  more  or  less  black  discoloration.     It  seems  more 
than  likely,  therefore,  that  this  manganese  did  not  originally  be* 
long  in  the  chert  formation,  but  that  it  was  brought  there.     It 
was   probably   derived   in  solution   from  the    underlying    ore 
deposit  by  capillary  action  and  deposited  in  crevices  of  the  broken 

^  Sm  Boone  chert,  thapter  VI. 
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ohert.  The  existence  of  such  crevices  woald  greatly  facilitate 
capillary  action,  and  it  is  a  noticeable  fact^  that  the  amoant  of 
manganese  in  the  chert  increases  as  the  contact  with  the  clay 
is  approached. 

In  many  fragments  of  chert^  the  manganese  solutions  have 
permeated  the  entire  mass  and  have  changed  parts  of  it  into 
an  opaque^  black  material.  These  impregnations  seem  to  follow 
the  most  pervious  portions,*  and  run  into  them  in  the  form  of 
'^^stringers"  or  irregular  masses.  Subsequent  disintegration  has 
often  removed  the  part  that  was  not  impregnated,  leaving  masses 
of  a  highly  siliceous  manganese  ore  of  a  stalactitic,  botryoidal  or 
mam  miliary  form. 

Manganiferous  chert  breccia. — A  breccia  of  angular  chert 
fragments,  cemented  in  an  earthy,  black,  mangaaiferbus  matrix, 
is  frequently  found  in  the  manganese  region.  This  seems  to  have 
originated  by  the  imbedding  of  chert  fragments  in  a  dark 
manganiferous  clay,  which  was  subsequently  indurated.  Very 
often  such  a  combination  seems  to  have  been  hardened  by  the 
infiltration  of  surface  waters  containing  manganese  in  solution. 
The  breccia  is  always  on  the  surface,  or  in  the  upper  part  o(  the 
clay  bed;  never  in  situ  in  the  chert,  or  at  any  distance  from  the 
olay.  As  in  the  case  of  the  manganese  stain  mentioned  above, 
so  here,  the  chert  seems  to  have  derived  its  manganese  from  the 
underlying  deposit.  That  this  breccia  did  not  originally  belong 
in  the  chert  formation,  is  proved  by  the  fact  that  waterworn 
pebbles,  similar  to  those  now  seen  on  the  sur&ce,  and  represent- 
ing the  action  of  late  geologic  times  (Tertiary  or  Pleistocene), 
are  frequently  cemented  in  the  mass  with  the  angular  frag- 
ments of  chert.f     A  typical  occurrence  of  the  breccia  is  seen 


*  It  is  possible  that  these  perTious  portions  represent  the  more  oalcareoas  parts  of  the 
«hert  and  that  the  presence  of  manganeee  Lb  due  to  a  replacement  of  earbonate  of  lime. 

t  Breccia  cemented  by  manganese  oxides  and  ocourring  in  situ  in  the  country  rock  are 
mentioned  further  on  in  this  volume,  in  the  description  of  the  manganese  regions  of  south- 
west em  Arkansas,  Georgia,  Mora  Scotia  and  elsewhere. 
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on  the  Bruce  tract,  in   the  northeastern  part  of  the  manganese- 
region.*     (See  chapter  IX). 

Altered  surfaee  of  the  manganese  deposits. — In    many    places 
where  the  ore  deposit  is  exposed  on  the  tops  oF  the  hills,   there 
occurs,  resting  unconformably  upon  the   surface  of  the  residua) 
clay,  a  deposit  of  a  brown,  sandy  clay,  from  three  feet  to  over  ten 
feet  in  thickness,  containing  both  rounded  and  angular  fragments 
of  chert  and  partly  disintegrated  masses  of  manganese  ore.     This 
deposit  is  usually  somewhat  lighter  in  color  and  of  a  more  porous 
nature  than  the  underlying  and   undisturbed   clay.     Its  sandy 
consistency  has  allowed  the  free  percolation  of  water,  and  the  ore 
fragments  that  it  encloses  have  been  partly  dissolved  and  honey- 
combed on  the  outside,   leaving  a   dull,  earthy,  porous    crust 
which  oflen  contains  a  kernel  of  the  original  hard  ore;  while  be- 
low, in  the  clay  deposit  proper,  the   impervious   nature  of  the 
enveloping  material  has  protected  the  ore  from  such  decay.     In 
the  latter  deposit,  no  pebbles  rounded  by  rolling  are  ever  found.. 
The  rounded  masses  of  St.  Clair  limestone  sometimes  have  this 
appearance,    but,    as    already    shown,    their   shape  is   entirely 
due  to  the  dissolving   action  of  surface  water  on  the  rock  and 
not  to  any  process  of  mechanical  wearing.     Angular  fragments  of 
chert  also  occur  in  the  upper  part  of  the  clay  bed  proper,  but 
they  are  the  products  of  the  breaking  up,  in   situ,  of  the  chert 
formation. 

The  overlying  sandy  deposit,  just  described,  is  the  result  of 
the  mixing  of  the  top  of  the  underlying  ore-bearing  clay  with 
surface  materials  in  the  form  of  pebbles  and  sand.  The  masses 
of  ore  and  the  angular  chert  fragments  in  it  have  come  from  the 
underlying  clay,  while  the  rounded  pebbles  and  the  sand  have 
come  from  outside  sources. 

■^  Iron  ore,  in  th«  form  of  brown  hematite  and  of  red  hematite,  occurs  in  a  chert  rock  in 
the  region  bounding  the  manganese  area  on  the  northwest,  and  in  some  places  the  brown  hem*^ 
atite  composes  the  cement  of  a  breccia  of  masses  of  chert.  The  iron  ore  i»i  this  region  has  not 
been  carefnlly  examined,  and  therefore,  no  definite  statements  can  be  made  concerning  it,  buk 
perhaps,  in  this  case,  the  ore  maj  belong  in  the  chert  and  may  not  hare  been  brought  from 
outside,  as  in  the  case  of  the  manganiferous  breccia  just  described. 
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THE  OCCURRENCE  OF  MANGANESE  ORE  AS  ILLUSTRATED  AT  THE 

SOUTHERN   MINE.* 

The  columns  on  the  aecompanyiDg  plate  show  eight  seo- 
tioDS  through  the  surface  chert  and  extendiog  into  the  ore-bear- 
ing clay  at  the  Southern  mine.  They  are  taken  from  eight 
typical  shafts  on  the  property^  and,  in  each  case,  represent  the 
depth  to  which  the  shaft  was  sunk.  The  vertical  scale  on 
which  the  sections  are  drawn  is  25  feet  to  the  inch,  and  the 
shafts  vary  from  35  to  85  feet  in  depth.  The  noticeable  features 
are: 

(1)  The  shattered  and  faulted  condition  of  the  chert,  its 
changing  and  often  steep  dips,  and  its  variable  thickness.  All 
of  these  features  are  due  to  the  decay  of  the  St.  Clair  limestone 
and  the  subsidence  of  the  once  horizontal  chert,  as  explained  od 
pages  191-193. 

(2)  The  frequent  though  not  invariable  presence  of  the  so- 
called  '*ochre'^  between  the  base  of  the  chert  and  the  ore-bearing 
clay.  This  represents  the  remains  of  a  former  earthy  or  shaly 
stratum  between  the  top  of  the  St.  Clair  limestone  and  the  base 
of  the  chert.     (Seepage  175). 

(3)  The  manner  of  distribution  of  the  ore  in  the  clay^ 
sometimes  in  loose  masses,  sometimes  in  solid  bodies. 

(4)  The  existence,  in  some  of  the  shafts,  of  masses  of 
St.  Clair  limestone.  These  represent  parts  of  the  original  lime- 
stone formation  that  have  as  yet  escaped  decay,  and  are  locally 
called  ^'gray  rock.''  So  far  as  is  known,  they  exist  simply  as 
isolated  masses,  nnd  not  as  the  bed  rock  of  the  clay  deposit.  The 
clay  often  extends  far  below  them.  They  vary  from  a  few 
inches  to  several  feet  in  diameter. 

(5)  Immediately  below  the  ore-bearing  clay,  there  is  fre- 
quently a  deposit  of  sand'or  sandy  clay,  known  as  "sand  bars.'*^ 
Sometimes  it  is  in  a  loose,  incoherent  state,  and  at  other  times 
it  is  compact  and  massive.  It  varies  on  this  property  from  four 
to  twenty  feet  in  thickness,  and  averages   about   eight   feet.     It 


^  A  detailed  description  of  the  Southern  mine  is  given  in  chapter  X.  The  present 
mention  of  it  is  made  for  the  purpose  of  illustratiog  the  principles  inrolred  in  the  deri ration  of 
the  manganese  deposits  of  the  Batesville  region  and  described  in  the  preceding  pagw. 
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probably  represents  the  partly  disintegrated  remains  of  one  of 
the  subordinate  sandstone  beds  of  the  St,  Clair  limestone^  de- 
scribed on  pages  179-170.  The  decomposition  of  the  limestone  and 
its  conversion  into  clay,  have  left  the  sandstone  stratum^  in  a 
more  or  less  disintegrated  state,  imbedded  in  the  clay.  The  ore 
on  this  property  usually  occurs  immediately  above  this  sandy 
stratum^  though  sometimes  the  latter  is  struck  in  the  shafts 
without  passing  through  any  ore.  This  points  to  a  greater  con- 
tinuity of  the  sandy  stratum  than  of  the  ore,  and  such  is  also  the 
case  elsewhere^  in  plabes  where  sandstone  beds  carrying  mangan- 
ese ore  are  found  in  the  original  limestone.  In  such  places,  the 
ore  occurs  in  disconnected  masses  throughout  the  sandstone. 
Judging  from  the  relative  positions  of  the  ore  and  the  '^sand 
bars'^  at  the  Southern  mine^  it  appears  that  the  ore  in  the  St. 
Clair  limestone,  before  it  was  set  free  by  the  decay  of  that  rock, 
was  in  a  series  of  lenticular  layers  and  pockets  overlying:  one  of  the 
sandstone  beds  in  the  limestone;  also,  judging  from  the  present 
nearness  of  the  ore  to  the  base  of  the  chert,  it  appears  that  both 
the  ore  and  the  sandstone  were  originally  near  the  top  of  the 
St.  Clair  limestone. 

It  is  generally  found  that,  in  sinking  through  the  ^^sand 
bars,"  a  body  of  St.  Clair  limestone  is  struck,  and  therefore 
the  shafts  usually  stop  when  the  sandy  deposits  are  met.  Be* 
tween  the  limestone  and  the  sand,  there  is  often  a  layer  of  dark 
brown  or  black  clay,  "black  joint,"  varying  from  a  few  inches  to 
several  feet  in  thickness.  It  represents  the  decomposition  pro- 
duct of  the  surface  of  the  mass  of  limestone,  r.nd  similar  layers 
are  found  elsewhere  in  the  lower  part  of  the  ore-bearing  deposits. 

From  a  consideration  of  the  above  facts,  the  ideal  columnar 
section  on  page  201  has  been  compiled,  as  showing  the  prob- 
able original  condition  of  the  ore  deposit  when  it  was  inter- 
bedded  in  the  St.  Clair  limestone ;  while  the  sections  of  the  shafts 
show  what  has  taken  place  by  the  decomposition  of  this  lime- 
stone and  its  conversion  into  ore-bearing  clay. 

It  will  be  observed  in  the  ideal  section  :  that  the  chert  was 
originally  horizontal  or  nearly  so;  that  its  thickness  was  formerly 
much  greater  than  it  is  now,  even   the  thickness   given    in   the 
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column  beiog  probably  not  much,  if  any,  over  half  the  original 
thickness  of  the  formation ;  that  at  the  base  of  the  chert  was  a 
shaly  deposit  from  one  to  over  three  feet  in  thickness,  occupying^ 
the  line  of  contact  of  the  chert  and  the  limestone  and  represent- 
ing the  original  condition  of  the  present  deposit  known  as  '^ochre'^ 
at  the  base  of  the  chert  and  above  the  ore-bearing  clay ;  that 
below  the  shale  was  the  St.  Clair  limestone,  containing  irregular 
masses  of  ore  in  its  upper  part ;  that  immediately  below  the  ore- 
bearing  part  of  the  St.  Clair  limestone  was  a  bed  of  sandstone^ 
representing  the  original  condition  of  the  ''sand  bars"  now  found 
at  the  base  of  the  ore  ;  that  the  sandstone  was  directly  underlain 
by  the  remaining  part  of  the  St.  Clair  limestone.  The  portioa 
of  the  St.  Clair  limestone  shown  in  the  column  represents  only 
a  part,  probably  not  much,  if  any,  over  half  of  the  original  thick- 
ness of  the  formation,  and  almost  the  whole  of  this  total  thick- 
ness has  now  been  reduced  to  residual  clay. 

It  may  be  stated  here,  that  the  base  of  the  clay  at  the  South-^ 
ern  mine  has  not  been  reached  in  any  of  the  shafts  yetsunk,  and 
therefore  the  existence  of  ore  at  the  bottom  of  the   deposit   has 
not  yet  been  proved.     If  future  tests  should  show  it  to  occur   at 
the  base  of  the  deposit,  it  must  also   have  existed  in  a  similar 
position  at  the  base  of  the  original  limestone,  as  well  as  in   the^ 
upper    part  of  the  limestone  just  described.     Moreover,  it  is^ 
not  yet  known  whether  the  base  of   the  St.  Clair   limestone   at 
this  mine  has  decayed.     As  shown  in  the  section   of  the   shafW 
just  described,  masses  of  that  rock  are  of  frequent  occurrence,  but 
since  most  of  the  shafts,  when  they  meet  large  bodies  of  it,  are 
not  sunk  any  deeper,  the  question  as  to  whether  the  latter  repre- 
sent isolated  masses  or  peaks  rising  up  from  the  bed  rock  below 
is,  in  some  cases,  uncertain.     Many  of  them  have  been  proved  ta 
be  simply  isolated  bodies  imbedded  in  the  clay.     It  has  not  yet 
been  practically  demonstrated  that  any  of  them  are   connected 
with  a  main  body  of  St.  Clair  limestone  ("gray  rock")  below^ 
but  it  is  not  impossible  that  some  of  them  found  at   considerable 
depths  may  prove  to  be  so  connected,  and  that  isolated  areas    of 
the  original  limestone  may  still  exist  in  situ  at  the  base  of  the^ 
clay.     This  is  rendered  still  more  probable  by  the  fact  that  con^ 
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siderable  thicknesses  of  uodecayed  limestone  occur  to  the  norths 
soutb^  east,  and  west  of  the  mine.  That  a  larger  part  of  the 
rock,  however,  has  decayed,  is  proved  by  the  depth  to  which 
some  of  the  shafts  have  gone  in  the  clay,  by  the  absence  of  oat- 
crops  of  St.  Clair  limestone  anywhere  on  the  hill,  and  by  the 
disturbed  condition  of  the  chert,  resulting  from  its  subsidence  in 
consequence  of  the  removal  of  the  underlying  limestone.* 

GENERAL  SyMMARY  OF  THE   BATESVILLE  REGION. 

It  has  been  the  object  of  the  last  three  chapters  to  explain 
the  historic  and  geologic  features  of  the  Batesville  region,  and 
the  nature,  derivation  nnd  mode  of  occurrence  of  the  manganese 
ores.     The   facts  brought  out  and  the    conclusions  arrived  at 
may  be  briefly  summarized  as  follows: 

Location. — The  region  is  in  the  northeastern  part  of  the  state^ 
in  the  valley  of  the  White  River  and  above  the  confluence  of  the 
latter  with  the  Black  River.  The  region  includes  parts  of  In- 
dependence, Izard  and  Stone  counties,  comprising  an  area  of 
about  122  square  miles,  in  which  manganese  ores  occur  at 
greater  or  less  intervals. 

History, — Manganese  mining  was  begun  in  the  Batesville 
region  between  1850  and  1852  by  Col.  Matt.  Martin,  but  no 
extensive  work  was  done  until  1881  when  Mr.  E.  H.  Woodward 
commenced  mining.  In  1885  tke  Keystone  Manganese  and  Iron 
Company  began  operations  at  the  Southern  mine,  and  at  once 
became  the  largest  producers  of  manganese  in  the  region.  At 
present  this  company  and  John  B.  Skinner  and  Company  are 
the  principal  active  operators.  Between  30,000  and  36,000  tons 
of  manganese  ore  were  shipped  from  the  Batesville  region  between 
1850  and  1890,  though  almost  all  of  this  quantity  was  shipped 
between  1881  and  1890  inclusive. 

Topography. — The  prominent  topographic  features  of  the 
Batesville  region  and  the  surrounding  country  are  the  Boston 
Mountains  south  of  the  White  River,  the  ohert  hills  north  of  the 
river,  the  rolling  limestone  and  sandstone  country  still  further 

*  For  further  discusdon  of  this  subject,  see  the  description  of  the  Southern  mine  in 
chapter  X. 
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north,  and  the  low,  river  bottom  area  which  cuts  ofi  the  mount- 
ainous and  hilly  country  on  the  east. 

Structure. — The  general  structure  of  the  Batesville  mangan- 
ese region  is  that  of  a  broad  monocline  dipping  to  the  south  and 
southwest  at  low  angles,  and  fioally  disappearing  under  the  much 
more  disturbed  Carboniferous  rocks  of  the  central  part  of  the 
state.  Sometimes  the  rocks  are  horizontal  or  dip  at  a  fraction  of 
a  degree,  but  at  intervals  they  dip  at  angles  of  from  5^  to  20^; 
4ind  the  general  monoclinal  structure  of  the  cobotry  may  be  said 
to  be  made  up  of  gently  sloping  or  even  horizontal  areas 
''Connected  by  local  areas  with  steeper  dips.  Faults  with  throws 
of  from  50  to  over  200  feet  sometimes  occur,  and  in  certain 
places  have  an  important  bearing  on  the  topography  of  the 
•country. 

Age  of  the  rooks. — The  rocks  of  the  region  are  of  Silurian 
and  Carboniferous  ages.  The  lowermost  Silurian  rocks  belong 
to  the  Calciferous  group.  Above  them  is  the  Izard  limestone 
overlain  in  turn  by  the  St.  Clair  limestone.  The  latter  for- 
mation represents  the  uppermost  member  of  the  Silurian 
in  the  region,  and  has  been  determined  by  Professor  Henry 
S.  Williams  as  belonging  to  a  horizon  intermediate  between 
the  Trenton  and  Niagara  groups.  The  St.  Clair  limestone  is 
the  source  of  the  manganese  ores. 

The  Carboniferous  rocks  include  the  Mississippian,  or 
Xiower  Carboniferous,  and  the  Millstone  grit.  The  Mississip- 
pian of  southern  Missouri  and  northern  Arkansas  has  been 
divided  by  Professor  Williams  into  three  groups,  which  in 
ttscending  order  are:  the  Chouteau,  Osage,  and  Genevieve 
or  Boston.  The  Chouteau  includes  the  "Lithographic,"  "Ver- 
micular," and  "Chouteau"  of  the  Missouri  classification,  and, 
80  far  as  known,  is  absent  in  the  region  in  question.  The  Osage 
group,  which  includes  the  "Burlington,"  and  "Keokuk" 
groups,  is  represented  in  the  Batesville  region  by  the  Boone 
chert,  the  Payettville  shale,  and  Batesville  sandstone.  The 
Oenevieve  or  Boston  group  is  represented  by  a  series  of  lime- 
stones, shales,  and  sandstones,  reaching  from  the  top  of  the 
Batesville  sandstone  to  the  base  of  the  Millstone  grit.     The 
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preseDce  or  abseDce  of  anything  representing  the  Devonian 
age  is  in  doabt.  The  contact  of  the  Silurian  and  Carbonifer- 
ous is  generally  represented  by  sandy  or  shaly  strata,  or  both,, 
varying  from  a  few  inches  to  30  or  40  feet  in  thickness.  In 
one  place  a  material,  which,  under  the  microscope,  partakes 
of  the  nature  of  volcanic  ash,  is  found  at  the  parting  of  the 
two  horizons,  in  a  bed  from  six  to  fifteen  inches  in  thick-^ 
ness. 

The  Paleozoic  area  is  cut  off  abruptly  on  the  east  by  the 
Tertiary,  Pleistocene,  and  Recent  deposits  of  the  Mississippi 
Valley. 

Themanganese  ores. — The  manganese  ores  of  the  Batesville- 
region  represent  oxides  of  the  metal.  They  are  usually 
in  the  forms  of  psilomelane  or  braunite.  Pyrolusite  is. 
found  in  small  quantities,  and  wad  occurs  in  some 
places.  The  sample  of  braunite  described  by  William, 
Elderhorst,  of  the  Owen  Survey,  in  1858,  and  that  described 
in  the  present  report,  show  certain  noticeable  variations  in  the 
contents  of  silica  similar  to  the  variations  in  the  braunite  of' 
Elgersburg,  Germany,  analyzed  by  Turner  and  by  Rammels- 
berg;  the  Arkansas  specimen,  analyzed  by  Elderhorst,  and 
the  Elgersburg  specimen  analyzed  by  Rammelsberg,  con- 
tained 9.968  and  8,63  per  cent  of  silica  respectively,  while  the- 
Arkansas  specimen  analyzed  by  the  present  Survey,  and  the 
Elgersburg  specimen  analyzed  by  Turner,  showed  0,18  per 
cent  of  silica  and  no  silica  respectively. 

The  commercial  value  of  the  better  grades  of  the  Bates- 
ville  ores,  as  shown  by  chemical  analyses  of  car-load  ship- 
ments, is  equal,  for  the  manufacture  of  spiegeleisen  and  ferro- 
manganese,  to  the  best  at  present  mined  in  the  United  States. 
The  strong  points  of  the  ores  are  their  high  per  cent  of  man- 
ganese and  their  low  per  cent  of  silica.  Their  weak  point  is. 
their  occasional  high  per  cent  of  phosphorus.  This  ingred- 
ient, however,  is  only  occasionally  in  injurious  quanti- 
ties, and  large  amounts  of  ore  are  mined  which  con- 
tain a  very  low  per  cent  of  it. 

DerivaJtion  of  the  manganese  deposits. — The  manganese  orea 
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occur  in  masses  and  nodules  of  various  sizes  in  a  red  clay, 
and  both  they  and  the  clay  are  the  residual  products  of  the 
decomposition  of  the  St.  Clair  limestone  ("gray  rock.")  The 
latter  formation  is  a  crystalline  rock,  sometimes  containing 
interbedded  lenticular  strata  of  sandstone  or  of  shaly  ma- 
terials. The  ore  occurs  in  various  positions  from  the  base  to 
the  top  of  the  limestone,  either  with  or  without  the  sandy 
and  shaly  accompaniments.  It  exists  in  fiat  layers  following 
lines  of  bedding,  in  irregular  masses,  in  small  grains,  or  in  a 
finejy  disseminated  state,  giving  the  rock  a  chocolate-brown 
color.  The  ore  is  only  of  local  occurrence  in  the  rock  and  is 
often  absent  over  considerable  areas.  Therefore  the  ore- 
bearing  clay  is  also  of  only  local  occurrence.  In  a  similar 
manner,  the  Batesville  region,  considered  as  a  whole,  repre- 
sents an  isolated  abnormal  accumulation  of  manganese  in  the 
St.  Clair  limestone.  This  formation  is  characterized  by 
small  quantities  of  manganese  throughout  a  large  area  of  ex- 
posure in  northern  Arkansas,  but,  so  far  as  known,  it  exists 
in  large  quantities  only  in  the  Batesville  region.  The  limestone 
is  found  in  all  stages  of  decay,  sometimes  containing  only 
small  pockets  of  the  resMual  materials  on  its  partially  de- 
composed surface,  at  other  times  completely  decayed,  leaving 
only  the  residual  clay  with  greater  or  less  quantities  of  ore. 

The  ore  existed  in  the  limestone,  at  least  in  the  surface 
exposures  of  that  rock,  in  the  oxide  form,  just  as  it  now  oc- 
curs in  the  clay.*  Possibly  below  the  drainage  level  of  the 
country,  it  may  be  in  the  form  of  carbonate,  in  which  form, 
probably,  it  was  originally  deposited;  but  this  has  not  yet 
been  proved,  and  it  is  not  impossible  that  it  may  exist  in  the 
oxide  form  throughout  the  whole  extent  of  the  limestone. 

Chemical  relation  of  the  8t^  Clair  limestone  and  the  mangan- 
eae-bearing  clay. — The  analyses  of  the  St.  Clair  limestone  and 
the  residual  clay  show  them  both  to  contain,  usually,  different 
proportions  of  the  same  materials,  though  sometimes  the 
carbonate  of  lime  of  the  limestone  has  been  completely 
leached  from  the  residual  clay;  while  the    less  soluble   si- 

*  See  page  167  for  detaili. 
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liceous  and  argillaceous  materials,  and  some  metallic  oxides 
have  been  proportionally  increased  in  their  percentages. 
Almost  all  the  ingredients,  however,  have  sufiered  more  or 
less  loss,  and  a  table  of  the  per  cent  saved  and  the  per  cent 
lost  of  each  constituent,  calculated  on  the  basis  of  the  as- 
sumed insolubility  of  the  silica,  is  given  on  page  182. 

Nature  of  the  manganese  deposits.  —  The  ore-bearing 
•clay  is  a  plastic  material  generally  of  red,  chocolate-brown 
or  yellow  color,  and  sometimes  of  a  deep  purplish-red.  It 
"Contains  the  manganese  ore  in  the  same  or  nearly  the  same 
forms  as  the  original  limestone  contained  it,  that  is,  in  fiat 
layers,  irregular  masses,  grains,  or  as  a  finely  disseminated 
^ark  chocolate-brown  coloring  material.  Very  often  the 
larger  masses  of  ore  have  been  broken  in  their  change  of 
position  from  the  limestone  to  the  clay,  and  now  exist  as 
irregular,  angular  fragments.  The  masses  of  ore  occur  in 
pockets  in  the  clay,  in  quantities  varying  from  a  few  pounds 
to  over  five  hundred  tons. 

The  ore-bearing  clay  contains  numerous  more  or  less 
rounded  masses  of  the  St.  Clair  limestone,  which  represent 
the  parts  of  that  formation  that  h&ve  so  far  escaped  decay. 
They  have  not  been  transported  from  without  into  their 
present  position,  as  is  often  supposed,  but  are  the  remains  of 
the  decomposition  of  the  limestone  in  situ. 

The  chert  capping  of  the  manganese  deposits. — The  St,  Clair 
limestone,  before  it  decayed,  was  overlain  by  a  chert  forma- 
tion (the  Boone  chert)  sometimes  over  two  hundred  feet 
thick.  The  process  of  decay  has  gone  on  underneath  this 
covering,  and  the  chert  has  been  let  down  on  the  residual 
<5lay  and  ore  in  a  broken  mass,  which,  though  •  partially  de- 
<5ayed  itself,  often  retains  30  to  60  feet  of  its  original  thick- 
ness, even  after  all  the  underlying  limestone  has  been  de- 
<^omposed.  By  this  undermining,  the  chert  has,  in  some 
places,  suffered  a  slow  subsidence  of  fifty  to  over  a  hundred 
feet  and  has  been  greatly  shattered,  broken,  and  curved,  in  a 
manner,  in  some  respects,  not  unlike  folding  by  lateral  pres- 
8ure.    The   unequal  decay  of  the  St.  Clair  limestone    has 
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caused  an  unequal  subsidence  in  the  chert^  and  the  results 
are  small  shattered  anticlines  and  synclines,  depending  for 
their  form  and  extent  on  the  contour  of  the  underlying  sur- 
face of  the  limestone. 

Sometimes  manganese  in  solution  has  been  carried  up 
into  the  cracks  of  the  broken  chert  by  capillary  action  and 
deposited  in  the  form  of  oxide  in  thin  black  layers,  nests^ 
or  films  throughout  the  rock.  In  places  also  the  base  of  the 
broken  chert  has  become  mixed  with  a  highly  manganifer- 
ous  residual  clay,  which  has  filled  the  cracks  and  become 
indurated,  forming  a  chert  breccia.  Occasionally  rounded 
pebbles  are  enclosed  in  the  breccia. 

The  example  of  the  Sovihem  mine. — The  processes  by  which 
the  manganese  ores  have  been  derived  from  the  St.  Clair 
limestone  are  well  illustrated  at  the  Southern  mine.  The 
relation  of  the  ore  deposit  as  it  now  exists  to  its  former 
condition  in  the  limestone,  can  be  traced  out,  and  the  efiecta 
of  the  transition  on  the  ore  bodies  and  on  the  accompanying 
materials,  as  well  as  on  the  overlying  chert,  are  apparent^ 
(See  pages  199-203.) 


CHAPTER  IX. 
THE  BATESVILLE  REGION  OF  AUKkT^SAS— Continued, 

EXPLANW^^TION   OP  THE   MAP. 

Natural  dlvimons  of  the  region. — It  will  be  seen  on  the  map 
that  the  Batesville  manganese  region  is  well  watered  by  numer- 
ous springs  and  small  streams.  The  largest  of  the  streams  rise 
in  the  southern  slope  of  the  divide  between  the  waters  of  the 
White  River  and  those  of  the  Strawberry  River  and  flow  south, 
through  the  maneanese  area  and  the  rugged  chert  barrens, 
eventually  emptying  their  waters  into  the  White  River. 
This  river  itself  passes  through  the  western  portion  of  the 
manganese  country,  but  to  the  east,  it  bears  ofi  from  three  to 
fifteen  miles  south  of  that  area. 

The  region  where  the  ores  of  manganese  occur  in  quanti-^ 
ties,  may  be  divided  into  two  principal  drainage  basins:  the 
Polk  Bayou*  basin  with  its  tributaries,  to  the  east,  and  the 
Lafferty  Creek  basin  with  its  tributaries,  to  the  west.  The  towns 
ot  Cushman  and  Barren  Fork  stand  on  the  divide  between  these 
drainage  areas.  To  the  east  of  them  the  waters  drain  into  Polk 
Bayou,  to   the  west  into  Lafferty  Creek. 

The  Polk  Bayou  basin,  as  will  be   seen  on  the  map,  is  the 

*  The  term  "bayou,"  as  used  to  designate  the  stream  knomi  as  Polk  Bayou  is  a  misnomer. 
A  bayou,  properly  speaking,  is  a  sluggish  water  course  passing  through  a  low,  fla^  or  marshy 
country,  and  is  cominuoly  applied  throughout  the  southern  part  of  the  United  States  to  '  (he 
outlet  of  a  lake,  or  one  of  the  several  outlets  of  a  river  through  its  delta."  (Century  Diction- 
ary.). PoU  Biiyou,  oa  the  other  hand,  is  a  rapid  mountain  stream,  partaking  of  none  of  the 
sluggish  characteristics  of  a  true  bayou.  In  wet  wearher  it  if  frequently  a  ton ent,  sweeping 
before  it  everything;  that  obstructs  its  course  in  the  narrow  ravine  through  which  it  fl'>w8;  while 
the  banks  of  sand  and  pebbles,  as  well  as  th  ^  many  upro  itod  trees  along  Its  course,  attest  to 
the  misapplicition  of  the  term  "bayou  "  A  similar  misus'^of  the  term  is  noticeable  in  the 
names  of  ma'iy  other  ntreams  in  the  mouniainons  region  of  northern  ArkansM,  and  has  fre-. 
quently  l^d  those  unacquainted  with  the  state  to  imagine  that  it  is  all  luw  and  swampy. 

14  Geological;  Vol.  i.,  ISUO. 
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larger  of  the  two  and  drains  over  half  the  inangdiiese  region.  It 
receives  the  waters  of  many  tributary  basins,  the  jirincipal  ones 
being  Barren  Pork,  Prairie,  Sullivan,  Cave  and  Miller  Creeks. 
It  empties  into  the  White  River  at  Batesville^  The  Lafferty 
Creek  basin  includes  the  region  of  Eist,  Middle,  and  West  Laf- 
ferty Creeks,  Turner  Creek,  Blowing  Cave  Creek,  and  other 
small  streams.  It  empties  into  the  White  River  a  mile  below 
Penter's  Bluflf  and  fifteen  miles  northwest  of  Batesville.  Most 
of  the  workable  manganese,  as  yet  discovered  in  the  regiou  in 
qiip^tion,  is  included  in  these  two  drainage  areas. 

A  view  from  the  high  hills  about  Cushman  discloses  the  must 
striking  features  of  the  country:  to  the  east  and  north  is  the 
rolling  country  of  the  Polk  Bayou  basin  and  its  tributaries, 
studded  with  chert-capped  hills.  Beyond,  to  the  east,  the  chert 
hills  rise  up  in  the  divide  of  Cave  Creek  and  Miller  Creek,  and 
the  head  waters  of  Dota  Creek,  forming  a  natural  boundary  to 
manganese  region..  To  the  west  is  the  broken  country  in  the 
valley  of  the  Lafferty  Creeks,  hemmed  in  beyond  by  Lee's 
Mountain  and  the  rugged  Wilson  Hills.  To  the  south  are  the 
chert  highlands  overgrown  with  a  forest  of  stunted  oak  and 
hickory,  and  in  the  background  are  the  Boston  Mountains 
following  the  course  of  the  White  River  to  the  east  and  west. 

Effect  of  erosion, — As  a  result  of  the  gentle  southerly  dip  of 
the  region,  lower  strata  are  successively  exposed  on  the  surface 
in  going  north.  On  this  fact  depends  the  existence  of  the  man- 
ganese in  its  present  form,  since,  as  a  result  of  the  dip,  the  St. 
Clair  limcfetone  has  been  exposed  on  the  surface  between  the  over- 
lying chert  on  the  south  and  the  underlying  Izard  limestone  on 
the  north.  This  has  allowed  the  atmospheric  agencies  to  attack 
the  rock,  disintegrate  it,  and  leave  the  residual  clay  and  mangan- 
ese ore  as  described  in  chapter  VIII.  To  the  south  of  the  regiou 
of  its  exposure,  the  St.  Clair  limestone  dips  in  an  entirely  unde- 
com posed  state  under  the  protecting  cap  of  chert  and  the  n)ck3 
of  the  Boston  Mountain  region. 

As  another  result  of  the  general  southerly  dif),  the  country 
in  which  the  various  ibrmations  are  expo^^ed  would,  were 
it   not  for  erosion,  occupy  regular  and  well   defined    belts,  all 
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I'UQuing  parallel  to  each  Other  iu  a  general  east-west  or  south- 
east-Dorthwest  direction;  but^  though  an  examinaiion  of  the  map 
will  show  that  the  general  strike  of  the  belt  of  country  in  which 
any  given  rock  is  found  is  in  these  directions,  yet  the  action  •  of 
thp  atmosphSric  agencies  has  greatly  altered  the  regular  trend  of 
the  rocks  over  limite<l  areas.  Numerous  creeks  have  cut  through 
the  rocks  that  once  covered  the  surface  and  have  exposed  the 
underlying  beds,  which,  had  it  not  been  for  this  cutting, 
would  not  have  been  seen  until  the  general  southerly  dip  brought 
them  to  the  surface  probably  several  miles  farther  north. 
Laflerty  Creek,  for  example,  has  cut  down  through  the  chert  and 
the  underlying  rocks,  exposing  them  successively  in  its  bluffs. 
Its  numerous  tributaries  have  cut  down  in  a  similar  manner, 
though  the  smaller  streams  had  not  the  power  to  cut  so  deeply, 
and  therefore  have  exposed  less  of  the  underlying  rocks.  In  the 
same  way,  Polk  Bayou  and  Sullivan,  Cave,  and  Prairie  Creeks, 
^8  well  as  all  the  other  streams  seen  on  the  map,  have  cut  down 
into  the  rocks  underlying  the  chert  and  have  exposed  them  in 
belts  along  their  courses. 

As  a  result  of  this  erosion,  high  divides,  heavily  capped 
with  chert  and  exposing  the  St.  Clair  limestone  and  other 
lower  formations  on  their  slopes,  exist  between  creeks.  Such 
a  divide  occurs  between  the  lower  parts  of  East  and  West 
Lafterty  Creeks.  As  will  be  seen  on  the  map,  the  top  and 
central  part  of  the  divide,  just  above  the  confluence  of  these 
creeks,  are  covered  by  chert.  Descending  the  divide  on  either 
side,  the  St.  Clair  limestone  is  next  met  with,  and  still  lower 
the  Izard  limestone  appears,  while  the  bed  of  the  creek,  in 
some  places,  is  composed  of  the  underlying  sandstone.  It 
will  be  seen  that  several  small  creeks  running  into  West 
Laflerty  rise  on  this  divide,  and  they  also  have  cut  through 
the  chert  and  into  the  lower  beds.  On  the  bluffs  bounding 
either  of  the  creeks  on  the  opposite  side  from  the  divide,  the 
same  series  of  rocks  is  seen,  and  when  the  chert  on  the  summit 
is  reached,  this  rock  continues  to  cover  the  surrounding  high- 
land until  another  creek  is  met. 

The  divide  between  the  head  waters  of  Cave  and  Miller 
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Creeks  is  heavily  covered  with  chert,  and  in  the  blufls  of  botb 
streams  the  St.  Clair  limestone  is  exposed.  Neither  of  the- 
creeks,  in  this  region  of  their  head  waters,  has  yet  cut  down 
to  the  Izard  limestone,  though  that  rock  underlies  the  lower 
part  of  the  Cave  Creek  basin. 

On  the  southern  part  of  the  divide  between  Sullivan 
Creek  and  Polk  Bayou,  the  chert  and  St.  Clair  limestone  have- 
been  completely  removed  and  hence  the  Izard  limestone  oc« 
cupies  the  summit.  On  the  slopes  toward  either  creek,  the 
underlying  sandstone  appears. 

The  divides  of  streams  are  often  cut  across  by  deep  ravines^ 
in  which  creeks  rise  and  run  in  both  directions.  Asa  result^ 
there  often  occur  isolated  hills,  or  outliers,*  capped  with  chert 
and  showing  the  underlying  rocks  on  all  sides.  A  typical 
example  of  this  is  seen  in  Lee's  Mountain,  in  the  northwest 
part  of  township  15  N.,  range  8  W.  This  mountain  once 
formed  a  portion  of  the  chert  area  to  the  south  known  as 
the  Wilson  Hills  which  constitute  a  part  of  the  divide  be- 
tween West  Lafferty  Creek  on  the  east  and  Rocky  Bayouf 
on  the  west.  Two  small  creeks  head  in  the  Izard  lime- 
stone just  south  of  Lee's  Mountain,  one  running  south- 
east into  West  Lafierty  Creek  and  one  running  west  inta 
Rocky  Bayou.  These  creeks  doubtless  once  had  their  head- 
waters in  the  chert-capped  region  which  formerly  connected 
Lee's  Mountain  with  the  Wilson  Hills;  but  they  gradually 
cut  farther  and  farther  back  on  the  divide,  removing  succes- 
ively  the  chert  and  the  underlying  St.  Clair  limestone,  until 
finally  the  Izard  limestone  was  exposed  at  their  headwaters. 
As  a  result,  the  chert  and  St.  Clair  limestone  in  Lee's  Mount- 


<^  The  term  outlier  is  used  here  to  indicate  an  area  of  a  given  rock  separated,  as  a  result 
of  erosion,  bj  a  greater  or  less  distance  from  the  main  outcroi\of  the  same  rock  and  surrounded 
by  an  area  of  the  underlying  rock  or  rocks.  As  thus  defined,  an  outlier  of  any  given  rook 
may  contain  on  its  surface  subordinate  outliers  of  one  or  more  of  the  orerlying  rocks,  as  ex- 
plained  in  the  following  pages.  This  definition  of  an  outlier  is  only  intended  to  apply  to  a  re-^ 
glon  like  the  one  in  question,  where  the  rocks  are  horizontal  or  have  only  a  slight  dip.  In  re- 
gions where  the  rocks  are  more  disturbed  a  more  modified  definition  would  be  needed. 

t  This  stream  is  not  shown  on  the  map,  but  is  about  six  miles  west  of  West  LaflTerty 
Creek. 
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«in  have  been  separated  from  the  region  to  the  south,  and 
represent  an  outlier  of  these  rocks  surrounded  on  all  sides 
by  Izard  limestone. 

This  formation  of  outliers,  as  will  be  seen  on  the  map, 
is  one  of  the  most  characteri'stic  features  of  the  manganese 
region,  and  many  of  the  ore  deposits  are  situated  on  them. 
In  most  of  the  outliers,  however,  the  St.  Clair  limestone  has 
been  entirely  decomposed  and  the  chert  overlies  the  surface  of 
the  Izard  limestone,  as  explained  on  page  177.  Consequently 
outliers  of  chert  are  often  surrounded  by  the  Izard  limestone; 
and  outliers  of  this  limestone,  capped  by  chert,  are  frequently 
surrounded  by  the  underlying  sandstone.  These  are  the 
most  common  forms  of  outliers  in  the  region,  and  frequently 
iBingle  areas  of  Izard  limestone  have  several  isolated  areas 
of  chert  scattered  over  their  surface.  The  manganese  and 
its  associated  clav  lie  between  the  chert  and  the  limestone. 

Hence  it  will  be  seen  that  surface  agencies  have  greatly 
altered  the  configuration  of  the  country,  but  a  study  of  the 
mode  of  procedure  and  the  results  of  this  erosion,  will  give 
«  clear  insight  into  the  present  structure  of  the  region  and 
greatly  facilitate  the  intelligent  mining  of  its  ores. 

Extent  of  the  Boone  chert. — In  the  country  north  of  the 
White  River,  east  and  west  of  Batesville,  the  chert  appears 
from  beneath  the  Batesville  sandstone  and  the  underlying 
shale,  and  forms  a  prominent  feature  of  the  country.  It 
•consists  of  a  barren  region  of  rugged  hills,  covered  by  loose, 
angular  fragments  of  chert  and  deeply  cut  by  the  nar- 
row ravines  of  many  streams,  though  occasionally  its  mo- 
notony is  broken  by  a  more  gently  sloping  creek  bottom,  in 
which  the  farmer  has  found  small  areas  of  tillable  land.  This 
belt  of  country  varies  from  three  to  seven  miles  in  width,  and 
marks  the  southern  limit  of  the  manganese  ores.  On  the 
^ast  it  is  abruptly  cut  off  by  the  low  country  of  the  Black 
River  bottom.  Thence  it  runs  west  through  the  lower  parts 
of  Polk  Bayou  and  Lafferty  Creek  basins,  and  crosses  the 
White  River  fifteen  miles  northwest  of  Batesville,  At  this 
point  it  rises  up  from  the  flat  river  bottom  in  bluffs  of  from 
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50  to  over  100  feet  in  height,  presenting  a  rough,  eroded  sur- 
face of  interbedded  seams  of  limestone  and  chert,  dipping  ofi^ 
gently  to  the  south  and  southeast  and  finally  dissappearing 
under  the  Batesville  sandstone.  On  the  west  side  of  the 
White  River,  in  Stone  county,  the  chert  belt  bears  oft  to  the^ 
northwest  and  forms  the  same  character  of  country  as  that 
already  described. 

North  of  this  rugged  area,  the  chert  still  continues,  but 
it  no  longer  forms  the  only  rock  of  the   region.     It  now  oc- 
curs as  the  capping  of  the  hills  and  ridges,  in  the  sides   of 
which   the   St.   Clair  limestone   and    underlying   beds    are 
exposed. 

Extent  of  the  St.  Clair  limestone. — The  St.  Clair  limestone 
first  appears  on  the  south  in  its  full  thickness  and  in  an  entirely 
undecomposed  state;  but  a  short  distance  to  the  north,  the 
protecting  cover  of  chert  becomes  thinner,  the  limestone  has 
begun  to  succumb  to  atmospheric  agencies,  and  its  residual 
clay  and  manganese  ore  have  collected  in  hollows  on  its 
decayed  slopes.  In  many  places  the  bed  has  been  entirely 
decomposed  into  its  residual  products,  and  only  scattered  out- 
crops of  the  original  rock  are  seen  along  the  line  where  it 
doubtless  once  appeared  continuously.  These  intermittent 
outcrops  are  probably  often  connected  by  areas  of  the  same 
limestone,  but  the  line  joining  them  would  run  under  the 
capping  of  chert,  and  sometimes  far  back  into  the  area  of 
that  rock.  Hence,  as  is  seen  on  the  map,  though  the  south- 
erly outcrops  of  the  St.  Clair  limestone  are  often  continuous- 
for  considerable  distances,  the  northerly  outcrops  are  broken,. 
and  are  represented  by  isolated  areas  between  the  chert  and 
Izard  limestone.  Between  these  areas  of  St.  Clair  limestone 
the  altitude  of  the  hills  is  generally  much  lower  than  where 
that  bed  appears,  since  the  chert  has  subsided  a  vertical  dis- 
tance  proportional  to  the  amount  of  limestone  that  has  been 
dissolved.    (See  page  192-193.) 

Still  further  north,  the  St.  Clair  limestone  has  been  en- 
tirely decomposed,  with  the  exception  of  a  few  scattered 
knobs,  and  the  residual  clay  lies  on  the  decayed  surface  of  th& 
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underlying  Izard  limestone.  Part  of  the  chert  still  remains 
even  in  this  Izard  limestone  area,  and  though  its  thickness 
has  generally  been  greatly  diminished,  it  often  forms  prom- 
inent rocky  knobs  on  isolated  hills  and  ridges. 

Extent  of  the  Izard  limestone. — The  region  of  chert-capped 
hills  with  Izard  limestone  and  residual  clay  below,  is 
characteristic  apd  comprises  the  larger  part  of  the  mangan- 
ese area.  Sometimes  the  loose,  broken  chert  has  rolled  down 
and  covered  the  Izard  limestone  slopes,  and  has  come 
into  direct  contact  with  the  still  lower  sandstone.  This 
occurrence  is  shown  on  the  map  in  several  of  the  outliers  in 
township  15  N.  Gradually,  to  the  north,  the  chert-capped 
hills  of  limestone  become  fewer  and  separated  by  larger  and 
larger  areas  of  the  underlying  rocks,  until,  eventually,  they 
dissappear  in  the  region  of  lower  Silurian  sandstones  and 
magnesian  limestones  that  bound  the  manganese  country 
on  the   north. 

METHOD   OF   DESCRIPTION    OP  THE   BATE8V1A.E   REGION. 

It  will  be  seen,  from  what  has  been  said,  that  surface 
erosion  in  the  manganese  region  has  divided  the  ore-bearings 
localities  into  different  parts,  separated  by  barren  areas  and 
depending  for  their  existence  and  their  form  on  the  ameunt 
of  denudation  of  each  drainage  system.  Therefore,  in  the 
following  detailed  description  of  the  region,  the  different 
localities  are  treated  under  the .  headins^B  of  these  natural 
divisions.  The  plan  adopted  is  to  divide  the  region  into  two 
main  areas,  the  Polk  Bayou  basin  and  the  Latterty  Creek 
basin.  Under  these  headings  are  described  not  only  the 
localities  in  the  immediate  valleys  of  these  streams,  but  also 
the  regions  of  all  their  tributaries.  As  thus  defined,  the  twa 
btfsins  include  the  whole  of  the  manganese  region  with  the 
exception  of  a  corner  of  Stone  county,  which  will  be  treated 
separately.  These  divisions  are  not  made  with  any  intention 
of  distinguishing,  in  anyway,  between  the  character  of  ore  de- 
posits in  different  parts  of  the  region,  but  simply  for  conven- 
ience in  description,  it  being  considered   better   to   describe 
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the  region  accordiDg  to  its  nataral  divisions  than  by  artificial 
areas,  such  as  counties  and  townships.  Under  each  property, 
however,  the  locality  according  to  the  land  surveys  will  be 
given. 

It  has  been  shown  in  the  previous  chapter  that  a  knowl- 
edge of  the  origin  of  the  ores  is  absolutely  necessary  for  the 
intelligent  prospecting  and  successful  mining  of  mangan- 
ese in  the  Batesville  region.  Without  such  a  knowledge, 
any  success  is  largely  a  matter  of  luck  and  cannot  be 
ascribed  to  any  rational  judgment  of  the  value  of  the  locality. 
Many  failures  heretofore  have  doubtless  been  due  to  a  lack 
of  this  knowledge,  and  though  long  experience  gives  the 
miner  ability  to  judge,  to  a  certain  extent,  of  the  good  or  bad 
prospects  of  a  property,  yet  without  an  understanding  of  the 
cause  of  the  indications  on  which  he  bases  his  opinion,  he 
is  apt  to  make  most  serious  blunders.  In  any  region 
such  a  knowledge  is  of  value  to  the  miner,  but  it  is  especially 
80  in  the  case  ^f  the  Batesville  region,  where  the  question  of 
the  source  of  the  ore  is  at  the  foundation  of  the  whole 
matter  of  successful  mining.  Consequently  the  following 
detailed  description  is  based  on  the  process  of  the  deri- 
vation of  the  ores  from  the  limestone,  and,  in  order  that 
It  may  be  properly  comprehended,  it  is  necessary  to  under- 
stand the  facts  explained  and  summarized  in  chapter  YIII. 

POLK  BAYOU  BASIN — General  features. 

# 

The  name  Polk  Bayou  basin  is  used  here  to  include  the 
eastern  part  of  the  Batesville  manganese  region,  as  distinguished 
from    the    western    part,  or  Lafferty  Creek  basin. 

Polk  Bayou  rises  in  the  southeastern  part  of  Izard  county 
and  flows  thence  south  through  Independence  county,  emptying 
into  the  White  River  at  Batesville.  It  receives  many  tributaries 
the  most  important  of  which  are  Barren  Fork,  Prairie,  Sullivan, 
Cave  and  Miller  Creeks, 

POLK  BAYOU  BASIN — Lower  part. 
General  features. — Ascending  Polk  Buyou  from  Batesville, 
an  area  of  Batesville  sandstone  is  passed  over    for   almost   two 
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miles  north  of  the  town,  when^  as  the  result  of  a  fault  crossing 
the  Bayou  in  a  general  east  and  west^  or  northeast  and  southwest 
tiirection,  the  chert  suddenly  rises  up  in  steep  bluffs^  reaching  a 
hundred  feet  and  more  above  the  creek.  This  area  marks  the 
southern  limit  of  the  chert  barrens  that  bound  the  manganese 
region  on  the  south.  The  fault  has  a  throw  of  over  a  hundred 
feet  and  represents  the  more  southerly  of  the  two  faults  illustrated 
in  figure  1,  page  111. 

Less  than  a  mile  further  up  the  bayou,  the  first  exposure  of 
the  St.  Clair  limestone  appears.  This  occurs  in  the  extreme 
northeast  corner  of  section  5,  township  13  N.,  range  6  W.,  and 
-on  the  east  side  of  the  bayou,  just  before  the  road  going  north 
from  Batesville  crosses  it  for  the  first  time.  A  second  fault* 
of  over  65  feet,  striking  in  a  general  east  and  west  or  northeast 
and  southwest  direction,  occurs  at  this  point,  and,  as  a  result, 
over  a  hundred  feet  of  the  St.  Clair  limestone  are  exposed  in  the 
lower  parts  of  the  hills  to  the  north  of  the  road.  The  nature  of 
the  fault  and  its  effect  are  shown  in  figure  1,  page  111.  The 
road  in  question  passes  down  the  hollow  occupying  the  line  of 
the  more  northerly  of  the  two  faults  represented  in  the  figure. 

The  limestone  is  of  a  light  gray  color,  though  darker  parts 
occur  in  the  small  exposures  to  the  south  of  the  road.  No 
manganese  is  seen  in  it.  It  is  still  in  its  unaltered  condition, 
not  having  yet  been  affected  by  the  dissolving  action  of  surface 
aters.  The  Boone  chert  overlies  it  in  a  ledge  one  hundred  and 
«ight  feet  thick,  iu  which  not  only  the  main  chert  bed  is  seen, 
but  also  the  iuterstratified  layers  of  chert  and  limestone  which  lie 
at  the  base  of  the  latter.  The  chert  has  an  abnormal  dip  of  1^  to 
2°  N.  45°  E. 

The  John  B.  Skinner  tract. — The  John  B.  Skinner  tract  is 
in  14  N.,  6  W.,  section  33,  the  north  half.  This  property  is 
situated  near  the  headwaters  of  a  ravine,  tributary  to  Polk  Bayou. 
By  reference  to  the  map,  it  will  be  seen  that  the  preek  has  cut 
through  the  chert  and  exposed  the  St.  Clair  limestone  in  the 
bluffs.  This  has  allowed  the  surface  waters  to  attack  the  lime- 
stone and  the  resulting  accumulation  of  clay  is  shown  in  the  ac- 

*  rhe  Dftture  aud  extensioQ  of  this  faulted  area  are  more  fully  ditcutsed  on  pafea  110-112. 
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compaoying  figure  12.  The  rock  has  chaoged  from  the  light 
color  seen  a  mile  to  the  southwest,  and  is  a  dark  chocolate- 
browD  or  almost  hlack  color,  due  to  the  presence  of  a  dark 
mangaoiferous  clay  throughout  the  rock.  Separate  maxses  and 
layers  of  ore  also  occur  iu  the  rock,  varying  from  one  to  three 
inches  or  more  in  thickness.  The  heavy  capping  of  chert  has 
protected  the  main  part  of  the  limestone  which,  hack  in  the  hill, 
still  remains  andecomposed;  but  on  the  sides  of  the  ravines,  where 
S  N 


Figan  It.  Beeiiim  nrttt  the  BUnner  Irmd  lioaiiv  Ihe  /ormalitu  tf  nangaittK-teariiig 
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B.  St.  dilr  limauac. 

C.  MiDgiDeH-beuioi  eHf, 

HarlionUliiale;  one  loch  -  100  Inl.    VciUul  ical« :  ana  inch  =  ISO  feet. 

it  is  exposed,  it  has  heen  attacked  by  surface  waters,  the  car- 
bonate of  lime  carried  away  in  solution  and  the  clay  and  ore^ 
which  were  originally  disseminated  through  the  rock,  have  col- 
lected as  a  residual  product  iu  the  bottom  of  the  ravine,  and  in 
the  hollows  on  the  decaying  slopes  of  the  limestone.  Numerous, 
openings  made  along  the  slopes  of  the  ravine  expose  the  residual 
clay  and  its  associated  ore. 

The  clay  is  of  a  dark  chocolate  or  red  color  and  contains  frag- 
ments of  ore  of  various  sizes,  from  one  pound  to  several  hundred 
pounds  in  weight,  as  well  a<<  masses  of  chert  that  have  rolled 
from  above.  Frequently  the  separate  masses  of  ore  still 
preserve  the  fiat  shape  that  they  had  in  the  St.  Clair  limestone. 
In  the  various  diggin;^,  the  knobs  on  the  decayed  surface  of  the 
limestone  can  be  seen  projecting  into  the  clay.  Pockets  of  ore 
in  such  a  deposit  as  this,  are  not  so  numerous  as  if  more  of  the 
limestone  bad  decayed,  since  the  clay  is  directly  dependent  for  ita 
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ore  on  that  in  the  limestone,  and,  except  where  it  is  freed  from 
that  rock,  it  cannot  be  mined  at  a  profit. 

The  chert  has  a  thickness  of  a  hundred   and   ten    feet   and 
comes  in  sharp  contact  with  the   underlying  limestone.     Only 
the  upper  seventy-five  feet  of  the  latter  are  exposed,  the  rest  of 
it  being  und<»r  the  drainage  level  of  the  country.     The  rocks  lie 
almost  horizontally. 

The  following  analyses  represent  the  composition  of  two 
car-loads  of  manganese  ore  from  this  property.  The  ore  waa 
analyzed  by  the  North  Chicago  Rolling  Mill  Company : 

Analyses  of  manganese  ore  from  the  Skinner  tract. 

Manganese 88.30  89.36 

Iron 8.45  5.30 

Silica 

Phosphoius.. 0.880  0.217 

The  Cason  tract. — The  Cason  tract  is  in  14  N.,  6  W.,  section 
34,  the  southwest  quarter,  and  is  situated  about  a  mile  southeast 
of  the  Skinner  tract.     It  belongs  to  the  Keystone  Manganese 
and  Iron  Company,  and  is  one  of  the  rare  cases  where  the  ore  is 
found   in   large  quantities   in   association  with   slaty  or   sandy 
layers  interbedded  in  the  limestone.    It  is  unusual  in  its  occurrence 
and  differs  from  any  other  locality  in  the  Batesville  region  except 
the  O'Flinn  place,  to  be    mentioned  hereafter.     Soiuetimes    the 
ore  is  in  lenticular  layers  varying  from  an  eighth  of  an  inch   to 
three  inches  in  thickness,  and  interstratified   with  an   indurated 
red  clay  of  a  slaty  structure.     Generally,  however,  the  ore  occurs 
in  the  shape  of  flat,  lenticular  concretions,  from  a  quarter  of  an 
inch  to  one   inch  in  diameter,  locally  known  as  ^'button  ore'V 
They    have    a    concentric    structure,    are    dull   black    on    the 
outside  and    bright  on  the  inside,  and  are  imbedded    in  a   red 
or  brown,  fine  grained,  and  more   or  less   calcareous   sandstone. 
Sometimes,  also,  they  are  in  the  same  slaty  rock  mentioned  above,, 
and  sometimes  in   a  brown,  coarsely   crystalline  limestone,    the 
latter  probably  representing  a  part  of  the  fine  grained  sandstone 
bed. 

The  thickness  of  this  deposit  cannot    be  seen,  as  only   the 
eroded  surface  is  exposed,  but  it  is  probable  that  the  slaty,  sandy 
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and  calcareous  layers  mentioned  above,  represent  a  series  of 
successive  strata.  The  deposit  underlies  an  area  of  about  forty 
acres  of  'the  bottom  of  a  hollow,  in  which  a  small  tributary 
of  Miiler  Creek  rises.  It  is  distinctly  stratified  in  undulating 
lines  and  dips  at  about  2^  to  the  southeast.  An  old  prospect 
pit  is  said  to  have  been  sunk  into  the  deposit  *for  20  feet 
without  reaching  the  bottom.  This  is  now  almost  entirely 
filled  up,  so  that  very  little  can  be  seen  of  the  nature  of  the 
-materials  it  passed  through.  On  the  northwest  side  of  the  de- 
posit a  high  ridge  rises  up  abruptly,  reaching  from  a  hun- 
dred and  thirty  to  a  huudred  and  fidby  feet  above  the  mangauese- 
bearing  bed.  It  is  capped  by  thirty  to  fifty  feet  of  chert,  and  be- 
neath this  is  a  thickness  of  from  a  hundred  to  a  hundred  and  ten 
feet  of  St.  Clair  limestone  of  a  gray  or  light  pink  color.  At  the 
foot  of  the  hills,  the  ore-bearing  stratum  runs  under  the  lime- 
stone, and  it  probably  occupies  a  position  at  or  near  the  base  of 
that  formation. 

To  the  southeast  of  the  manganese  deposit,  is  a  low,  rolling 
area,  having  the  characteristic  topography  of  the  Batesville  sand- 
stone and  underlain  by  that  rock.  In  some  places  the  outcrop 
of  the  Batesville  sandstone  comes  within  three  huudred  yards  of 
the  foot  of  the  limestone  hills.  The  rocks  are  all  either  horizon- 
tal or  dip  at  angles  of  from  1^  to  2^  to  the  southeast.*  The 
Batesville  sandstone  normally  belongs  in  a  position  above  the 
limestone  and  chert,  yet  here  it  is  found  at  from  a  hundred 
and  fifty  to  two  hundred  feet  below  it.  This  occurrence  has 
been  brought  about  by  a  fault  of  over  200  feet  and  probably 
as  much  as  250  feet.  It  strikes  in  a  northeast  and  southwest 
direction,  and  is  simply  a  local  development  of  a  line  of  weakness 
that  runs  east  and  west  through  the  regionf  and  already  de- 
scribed where  it  crosses  Polk  Bayou.     (See  page  217.) 

The  ore  on  this  property  occurs  in  considerai)le  quan- 
tities, but  so  far  it  has  been  found  to  be  unmarketable  on  ac« 
-count  of  its  high  percentage  of  phosphorus.  The  amount  of  this 
ingredient   is   variable,   sometimes  being  under  the  maximum 

^  In  one  place  a  local  disturbance  of  15°  was  observed  in  the  chert, 
t  This  subject  is  farther  discussed  on  pages  110-112. 
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allowed,  butgeDerally,  so  far  as  tested,  going  above  it,  and  at 
times  amounting  to  .from  2  to  almost  4  per  cent.  If  a  market 
is  ever  opened  for  high-phosphorus  manganese  ores,  or  a  method 
devised  to  purify  them,  the  Cason  property  can  be  made  of 
value. 

The  deposit,  however,  has  not  been  thoroughly  explored, 
and  it  has  not  yet  been  proved  that  all  the  ore  in  it  is  too  high- 
in  phosphorus  to  allow  it  to  be  marketed.  In  fact,  the  investiga- 
tions of  the  Survey  have  shown  that,  though  part  of  the  ore  is  high 
in  phosphorus,  some  of  it,  at  least,  is  comparatively  low.  How 
much  of  the  ore  is  of  the  pure  kind,  however,  and  how  much  is 
too  high  in  phosphorus  to  be  of  value  is  a  matter  that  must  be^ 
determined  by  a  much  more  extended  series  of  analyses  than 
the  Survey  has  had  time  to  make.  Two  analyses  made  by  the^ 
chemist  of  the  Survey  are  given  below.  The  first  represents  a^. 
high-phosphorus  ore,  the  second  a  low-phosphorus  ore  : 

Analyses  of  manganese  ore  from  the  Cason  tract 

Hanganeae 34.64  50.41 

Iron 4.88  7.66 

Silica 25.65  12.67 

Phosphorus 0.58  0.06 

Alumina „ 3.79  1.87 

Lime 5.18  2.09 

The  first  analysis  shows  a  poor  ore,  it  being  low  in  man-^ 
ganese  and  high  in  phosphorus  and  silica;  but  the  second  analy- 
sis shows  an  ore  of  excellent  quality  in  every  respect  except  a 
slight  excess  of  silica.  This,  however,  is  not  in  sufficient  quan- 
tities to  prevent  the  ore  from  finding  a  ready  market,  especially 
in  view  of  its  high  percentage  of  manganese  and  its  low  phos^ 
phorus.  This  sample  represents  the  '^button  ore"  just  mentioned^ 
while  the  first  sample  was  the  more  earthy  ore  found  in  lenticular 
layers.  The  sample  of ''button  ore"  analyzed  was  carefully  sep- 
arated from  the  sandy  material  adhering  to  it,  and  this  fact  may 
partially  account  for  the  good  analysis  obtained.  Analyses  of 
the  ore  and  enclosing  sandstone  together  have  shown  the  pres- 
ence, in  certain  cases,  of  3  to  4  per  cent  of  phosphorus,  and  some 
analyses  of  the  buttons  alone  have  shown  over  1  per  cent.     Hence^ 
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sometimes  at  leasts  the  euclooing  rock  contaias  more  phosphorus 
than  the  ore,  while  the  ore  alone  is  sometimes  low  enough  in 
phosphorus  to  allow  it  to  be  marketed  and  sometimes  is  too  high. 
A  series  of  analyses  of  samples  properly  selected  from  different 
parts  of  the  property  and  at  different  depths  in  the  deposit, 
should  be  made  to  determine  whether  any  large  part  of  the  ore 
coi/ld  be  used,  and  if  so,  it  would  be  an  easy  matter  to  separate  it 
from  the  enclosing  material.  The  buttons  occur  in  large  quan- 
tities through  the  sandstone  and  limestone  layers,  and,  by  a  simple 
process  of  crushing  £tiid  washiag,  or  crushing  without  washing, 
they  could  be  cieaply  freed  from  the  rock. 

Comparisons. — It  will  be  seen  that  at  the  John  B.  Skinner 
tract  and  at  the  Cason  tract,  the  two  principal'modesof  occurrence 
of  the  maugixnese  ore  in  the  Batesville  region  are  illustrated.  The 
Skinner  trj^ct  represents  the  ordinary  occurrence  of  ore  in  clay 
derived  from  the  decay  of  the  St.  Clair  limestone ;  the  Cason 
tract  represents  the  much  rarer  occurrence  of  manganese  associated 
with  lenticular  b<^ds  of  argillaceous  and  sandy  materials  inter- 
stratified  in  the  limestone.  At  the  former  place,  the  limestone 
has  already  begun  to  give  way  to  the  action  of  weathering  and 
has  given  rise  to  manganese-bearing  beds  of  residual  clay,  from 
which  the  ore  mined  has  been  taken.  At  the  Cason  place  the 
more  stable  materials  that  carry  the  manganese  have,  so  far, 
resisted  weathering,  and  this  is  one  of  the  few  places,  if  not  the 
only  one,  in  the  Batesville  manganese  region  where  the  ore, 
if  its  quality  warranted  it,  could  be  mined  at  a  profit  in  the 
original  rock. 

Bluff's  of  Polk  Bayou. — Ascending  Polk  Bayou  from  the 
Skinner  property,  the  St.  Clair  limestone  is  exposed  on  both 
sides  of  the  creek,  in  the  lower  parts  of  high  bluffs  rising 
steeply  or  almost  perpendicularly  for  from  two  hundred  to  four 
hundred  feet  and  more,  and  capped  by  the  chert  formation. 

Back  from  these  cliffs,  is  the  highland  country  already  de- 
scribed, underlain  by  chert  and  strewn  with  loose  fragments  of 
the  same  material.  The  rocks  are  either  horizontal  or  dip  at 
1^  to  3^  to  the  south,  and  the  bluffs  of  the  bayou  represent  what 
would  be  seen  in  a  vertical  section  through   the  chert-capped 
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region  to  the  east  or  west.  The  St.  Clair  limestone,  where  it 
-occurs  on  the  bluffs  of  this  part' of  the  bayou,  is  in  many  places 
more  or  less  stained  with  manganese  and  occasionally  contains 
the  larger  masses  of  ore.  But  the  formation  is  exposed  in  its 
undecomposed  state,  and  decay  has  not  yet  caused  the  accumula- 
tion of  any  residual  clay.  At  a  point  about  four  miles  north  of 
Batesville,  and  on  the  east  side  of  the  bayou,  seventy  feet  of  the 
tipper  part  of  the  bed  are  exposed.  Here  it  is  of  a  dark 
gray  or  brownish-gray  color,  contains  many  fossils  and  weathers 
in  slaty  slabs,  breaking  ott  at  a  high  angle  to  the  bedding.  An 
"analysis  of  this  rock  shows  the  presence  of  1.15  per  cent  of  man- 
^nese  fiuely  disseminated  through  it,  while  elsewhere  in  the 
neighborhood  nodules  of  ore  have  been  found  in  the  same  rock. 
A  drawing  of  the  bluffs  at  this  locality  is  given  in  chapter  VIII^ 

The  first  outcrop  of  the  Izard  limestone  appears  half  a 
mile  below  the  confluence  of  Cave  Creek  with  Polk  Bayou.  It 
crops  out  at  the  base  of  a  cliff  of  the  St.  CLir  limestone  and 
is  sharply  distinguished  from  the  latter,  not  only  by  its  bluish- 
gray  color,  but  by  the  smooth  weathering  of  its  surface,  which 
is  in  marked  contrast  with  the  crumbling,  granular  appearance 
of  the  weathered  surface  of  the  overlying  formation.  To  the 
north,  up  the  valley  of  Polk  Bayou  and  its  tributaries,  the  out- 
<;rops  of  the  Izard  limestone  become  much  more  numerous  and 
t>ften  comprise  large  areas  of  country. 

The  Maxfield  tract.— The  Maxfield  tract  is  in  14  N.,  6  W., 
section  30,  the  northwest  quarter  of  the  northeast  quarter.  A 
few  hundred  yards  above  the  mouth  of  Cave  Creek,  a  hollow 
makes  down  from  the  northwest  and  a  small  creek  runs  out 
of  it  into  Polk  Bayou,  The  Izard  limestone  is  exposed  at 
the  mouth  of  the  creek  and  the  St.  Clair  limestone  occurs 
for  over  hah  a  mile  up  it.  The  ravine  heads  in  the  side 
of  a  high  chert-capped  hill  rising  four  hundred  feet  above 
Polk  B4you.  At  the  foot  of  the  hill  several  small  pits  have  been 
sunk  for  manganese.  The  ground  is  covered  with  loose  chert  to 
a  depth  of  from  two  to  six  feet,  and  below  this  is  the  ore-bearing 
olay.  The  ore  is  of  a  black,  massive,  or  crystalline  variety  often 
containing  small  cavities  filled  with  clay.     The   clay   enclosing 
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the  ore  is  of  a  reddish-brown  color  and  contains  fragments  oP 
chert  and  St.  Clair  limestone  ("gray  rock").  The  decayed  surface 
of  the  limestone  underlies  the  ore  and  clay.  It  is  of  a  dark 
chocolate-brown  color  and  contains  many  seams  and  specks  of 
manganese.  The  "ore  dirt,"  in  the  principal  opening,  is  four  to 
eight  feet  in  thickness. 

The  following  twenty-six  analyses  represent  the  composition 
of  car-load  shipments  of  manganese  ore  from  this  property^ 
Analyses  3,  4^  and  5  were  made  by  the  North  Chicago  Rolling 
Mill  Company,  and  the  remainder  by  the  Illinois  Steel  Company^ 
Chicago. 

Analyses  of  manganese  ore  from  the  MaxjUld  tract. 


No. 

Mangan- 
ese. 

Iron. 

Silica. 

Pho«pho- 
rus. 

Moisture. 

1 

44.69 

9.18 

3.23 

0.819 

2 

41.08 

10.75 

0.467 

8 

48.12 

12.50 

1.54 

0.839 

4 

42.74 

4.95 

10.41 

0.885 



6 

81.90 

11.20 

20.50 

0.847 

6 

24.81 

21.68 

14.82 

0.252 

7 

24.50 

28.72 

5.22 

0.226 

•  •a  -  •• 

8 

27.49 

28.40 

7.08 

0.405 

9 

29.57 

23.40 

5.10 

0.452 

19.00 

10 

81.66 

21.47 

6.76 

0.385 

16.40 

11 

26.82 

24.42 

7.38 

0.273 

16.20 

12 

27.56 

24.00 

7.46 

0.268 

15.50 

18 

80.65 

21.70 

6.48 

0.828 

15.00 

14 

83.21 

18.80 

6M 

0.194 

15.10 

16 

80.65 

21.70 

6.48 

0.328 

15.00 

16 

81,85 

20.70 

4.49 

0.681 

14.60 

17 

87.59 

12.70 

5.56 

0.357 

18.20 

18 

84.38 

17.70 

4.03 

0.476 

21.50 

19 

86.06 

15.60 

4.87 

0.279 

18.30 

20 

87.27 

15.80 

4.55 

0.481 

21.10 

21 

28.69 

23.00 

5.42 

0.788 

20.00 

22 

88.80 

16.85 

5.70 

0.596 

19.10 

28 

84.06 

11.20 

8.66 

0.732 

16.30 

24 

86.18 

14.70 

3.97 

0.608 

18.50 

25 

86.40 

15.70 

4.36 

0.735 

16.80 

26 

86.86 

15.20 

8.68 

0.585 

12.00 
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This  pro|)erty  is  a  good  example  of  the  derivation  of  the 
ore  and  its  associated  clay  from  the  St.  Clair  limestoue.  The 
gradual  decomposition  of  this  rock  at  the  head  of  the  ravine  has 
set  free  the  ore  that  it  contained,  as  well  as  the  brown  clay  that 
was  disseminated  through  il.  These  have  collected  in  hollows 
on  its  decaying  surface,  and  fragments  of  chert  from  above  hnve 
rolled  down  and  covered  them.  Though  the  "ore  dirt''  is  sh-jllow 
on  account  of  the  limited  amount  of  decomposition  which  the 
limestone  has  undergone,  yet  the  large  amount  of  ore  in  the  ro^k 
has  given  rise  to  a  considerable  quantity  in  the  clay.  Several 
oar-loads  of  manganese  ore  were  mined  here  in  1889  under  the 
direction  of  Messrs.  Skinner  and  Abbot,  but  it  was  found  that  it 
contained  too  much  phosphorus  and  work  was  abandoned.  (See 
analyses,  page  224). 

The  Simmons  tract. — The  Simmons  tract  is  in  14  N.,  6  W., 
section  29,  the  northeast  quarter  of  the  northwest  quarter. 
This  is  just  north  of  the  mouth  of  the  last  mentioned 
ravine  and  in  the  bluff  on  the  west  side  of  Polk  Bayou. 
It  is  the  property  of  Mr.  S.  Simmons,  of  Batesville.  The 
manganese  occurs  in  an  elongated  pocket  in  the  St.  Clair  lime- 
btone,  striking  N.  18®  W.  across  the  almost  horizontal  bedding 
of  the  rock.  The  pocket  dips  almost  vertically,  with  a  slight 
inclination  to  the  east,  and  is  two  to  three  feet  in  width.  The  ore 
is  in  the  form  of  seams  and  pockets  varying  from  one  inch  to  two 
feet  in  thickness,  and  is  associated  with  an  indurated,  brownish- 
red  clay  containing  many  rounded  fragments  of  a  massive  red  or 
gray  calcareous  rock,  one  quarter  to  one  inch  in  diameter.  The 
latter  look  like  fragments  of  the  limestone  strata  that  often  occur 
at  the  base  of  the  chert.  The  ore  varies  much  in  character,  from 
crystalline  to  a  massive,  botryoidal,  or  stalactitic  variety.  The 
sides  of  the  deposit  are  very  irregular,  with  "feeders'^  running 
oR  in  various  directions,  but  the  contact  with  the  country  rock 
is  sharp  and  well  defined.  The  latter  is  a  coarsely  crystallines 
limestone  of  a  pink  or  purplish-brown  color,  and  contains  many 
small  masses  and  interbedded  lenses  of  manganese  ore.  These 
become  more  and  more  numerous  as  the  sides  of  the  main  ore- 
deposit  are  approached. 

15  Geological;  Vol.  i.,  1890. 
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The  deposit  runs  diagonally  up  the  slope  of  the  bluflF  and 
has  been  opened  at  various  places  for  seventy-five  yards  along 
its  course.  It  seems  probable  that  it  occupies  a  cavity  made  by 
water  along  u  crack  or  joint  and  filled  up  with  residual  clay  and 
ore  from  the  part  of  the  limestone  that  had  been  dissolved,  as 
well  as  by  limestone  pebbles  from  above. 

Local  feaixires, — Ascending    the  west  side   of  Polk   Bayou 
from   the    mouth   of   Sullivan    Creek,  the   St.    Clair   limestone'' 
is    much    more    decomposed    than  to   the  south,  and   its  out- 
crops are  almost  entirely  covered  by  loose  chert.     It   sometimes 
crops  out  at  the  heads  or  on  the  sides  of  ravines,  and  these  ex- 
posures show  it  to    have   suSered    greatly    from  the  action    of 
weathering.     The  ore-bearing  clay   that    has  resulted  from   this 
decay,  exists  below  the  chert  that  covers  the  tops  and  slopes  of 
the  hills,  as  has  been  proved  by  prospect  pits.     The  chert  still  pre- 
serves a  considerable  thickness,  but  has  become  much   shattered 
by  the  removal  of  the  underlying  limestone,  and  has  already  be- 
come thinner  than  to  the  south.     The  Izard  limestone  still  pre- 
serves its  original,   or  almost   its  original   thickness.     The    first 
outcrop  of  the   underlying  saecharoidal   sandstone,  seen  going 
north  along  the   Bayou,  appears   about  three    miles   above  the 
mouth  of  Sullivan  Creek.     From  here  on  it  forms  the    predom- 
inating rock  of  the  creek  bluffs,  sometimes  rising  up  in  perpen- 
dicular ledges,  fifty  to  ninety  feet  in  height  and  capped    by    the 
overlying  rocks. 

The  Oriswell  tract. — The  Criswell  tract  is  in  14  N.,  7  W., 
section  24,  the  northeast  quarter  of  the  northeast  quarter.  This 
property  is  on  the  west  side  of  Polk  Bayou  and  about  one  and  a 
half  miles  above  the  mouth  of  Sullivan  Creek.  The  ore  is  associ- 
ated with  the  characteristic  purplish -red  clay  and  overlies  the 
surface  of  the  Izard  limestone.  The  St.  Clair  limestone  is  not 
seen  here,  but  is  exposed  half  a  mile  to  the  west  in  the  head  of  a 
ravine,  and  it  is  probable  that  it  underlies  some  of  the  chert- 
covered  area  in  the  western  part  of  this  property.  No  mining 
has  been  done,  but  about  a  ton  of  ore  has  b(  en  collected  on  the 
surface  and  piled  up. 

ITie  Castile  tract. — The  Castile  tract  is  in  14  N.,  6  W.,  section 


THE  BATES VIIiliE  BEaiON  OF  ARKANSAS.  227 

18,  the  southwest  qaarter  of  the  southwest  quarter  and  the  north-* 
i^est  quarter  of  the  southwest  quarter.  The  ore  on  this  property 
x)ccurs  in  the  same  manner  as  at  the  last  place.  It  is  associated 
with  a  red  clay  and  lies  on  the  decayed  surface  of  a  hill  of  Izard 
limestone.  The  top  of  the  hill  is  capped  with  loose  fragments  of 
chert  associated  with  ore  and  clay.  The  chert  bed  has  been 
almost  entirely  removed.  The  St.  Clair  limestone  has  completely 
-decayed  and  the  only  remains  of  it  are  the  ore  and  the  clay. 
Several  small  pits  have  been  dug  which  show  the  presence  of  a 
hard,  steel-gray  crystalline  ore,  oflen  containing  small  cavities 
filled  with  red  clay. 

The  following  analyses  represent  the  composition  of  two 
car-loads  of  manganese  ore  from  this  property.  It  was  mined 
by  Messrs.  Skiuner  aud  Abbot,  and  was  analyzed  and  bought  by 
the  Illinois  Steel  Company,  Chicago. 

Analyses  of  manganese  ore  from  the  Castile  tract. 

Manganese 65.45  57.13 

Iron  2.95  1.89 

Silica 5.W  5.39 

Phosphorus 0.117  0.078 

Moisture....! 1.30  1.30 

The  ore  as  represented  by  these  analyses  is  of  first  class 
-quality,  being  high  in  manganese  and  low  in  silica  and  phos- 
phorous. 

The  Button  mine, — The  Button  mine  is  in  14  N.,  7  W.,  sec- 
tion 24,  the  northwest  quarter  of  the  southeast  quarter.  Several 
«mall  pits  have  been  made  on  this  property.  The  accompanying 
figure  13  is  a  section  through  one  of  them,  and  shows  a  part  of 
the  decaying  St.  Clair  limestone  enveloped  in  the  clay.  The  ore" 
bearing  clay,  where  seen,  is  eight  to  ten  feet  in  thickness  and, 
probably,  in  many  places  is  considerably  thicker.  It  contains 
many  angular  chert  fragments.  Overlying  the  clay  is  a  bed 
varying  from  a  few  inches  to  several  feet  in  thickness  of  a  brown, 
«andy,  drift  material  containing  not  only  the  angular  chert,  but 
also  rounded  pebbles,  as  well  as  a  few  partly  decomposed  masses 
t)f  manganese  ore  which    have  been  derived  from  the  underlying 
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deposit.  This  represents  the  altered  Hiirface  of  the  ore  deposit  a» 
explained  CD  pagel98.  Three  hundred  tons  of  ore  are  said  to  have- 
been  shipped  from  this  property. 


Flgon  II.    Seaiim  at  Ihe  Ballon 
CM'  UrntHoM. 

A.  St.ail[  llmailonc. 

B.  lUDjuaeHi-bariDK  cUr. 
C    SDifaoe  pebble  dspoili. 

The  bluk  m*rklngi  are  mtngnDtM  or 
HsiliooUt  ud  lertidl  Kills:    1  locb 


POLK  BAYOU  BABIS — Cave  Creek  region. 

General  featv/rea, — Cave  Creek  r\^a  in  the  northeast  part 
of  township  14  north,  6  west,  and  flows  southwest,  emptying 
into  Polk  Bayou  in  the  central  part  of  the  same  township.  Th& 
creek  heads  in  the  chert  hills  to  the  tiouthwe:?!  of  Hickory  Val- 
ley, but  a  short  distance  below  its  Rouree  it  has  cut  down,  as 
showu  on  the  map,  to  the  underlying  Si.  Clair  limestone.  Id 
teas  than  two  miles  below  its  source  it  has  reached  the  still  lower 
Izard  limestone,  which  forms  a  larger  part  (if  the  bed  of  th& 
stream  thence  to  its  mouth.  Many  small  tributaries  of  Cave 
Creek  have  cut  through  the  succefsive  formations  in  a  similar 
manner  and,  though  they  are  rart'ly  over  a  mile  in  length,  they  have 
a  similar  structure  to  that  of  the  lower  Cave  Creek  valley ;  except 
that  most  of  them,  not  having  cut  deep  enough  to  reach  the  Izard 
limestone,  flow  in  valleys  of  tlie  overlying  St.  Clair  limestone. 
This  erosion  has  exposed  the  St.  Clair  limestone  to  the  action  of 
surface  decomposition,  and  in  many  places,  especially  in  the  upper.  ' 


THE  BATESVILLB  RBOIOX    OF  ARKANSAS.  229 

part  of  the  Cave  Creek  valley,  considerable  quantities  of  man- 
ganese-bearing clay  have  collected  on  its  decayed  surface. 
In  the  lower  part  of  t&e  valley,  however,  a  larger  part  of  the  lime- 
stone still  remains,  especially  back  in  the  interior  of  the  hills  where 
it  has  been  pr(»tected  by  the  overlying  chert.  Consequently 
the  ore-bearing  clay  is  not  in  such  large  beds,  as,  other  things 
being  equal,  it  would  have  been,  had  more  of  the  limestone  been 
decomposed.  But  the  fact  that  the  limestone  is  often  rich  in 
manganese  largely  counterbalances  the  limited  decomposition 
that  has  gone  on,  and  the  small  deposits  of  residual  clay  have, 
in  many  place^^,  been  found  to  contain  considerable  quantities 
of  manganese  ore.  The  thick,  protecting  cap  of  chert  which  exists 
on  the  tops  of  the  hills  has  also  saved  the  clay  and  ore  from  being 
washed  away,  and  has  thus  preserved  practically  all  th:)t  was 
originally  set  free  from  the  limestone. 

One  of  the  most  noticeable  features  of  the  Cave  Creek  valley 
is  the  frequent  occurrence  of  caves;  hence  the  nani^»  of  the  creek. 
The  caves  usually  occur  in  the  St.  Clair  limestone,  but  sometimes 
in  the  Izird  limestone.  The  road  up  the  creek  skirts  the  hills 
•on  the  southeast  side  of  the  valley  for  some  three  miles  from  its 
mouth.  The  hills  rise  a  hundred  feet  or  more  above  the  crrek, 
and  in  their  lower  slopes  the  St.  Clair  limestone  often  forms  a 
steep  ledge,  in  the  face  of  which  are  the  openings  to  many  cav- 
•ernsy  running  back  into  the  hills  in  numerous  intricate  pi^sages 
and  hmall  chambers.  No  Urge  chambers  have  been  found 
but  the  hills  are  often  cut  up  in  a  labyrinth  of  narrow  channels. 
Stalactites  are  often  seen,  but  are  not  in  large  quantities.  Many 
o£  the  caverns  are  the  haunts  of  bats  which  have,  in  some  places, 
given  rise  to  deposits  of  guano.  The  underground  passages 
seem  to  have  a  general  direction  at  right  angles  to  Cave  Creek 
and  may  possibly  represent  the  remains  of  an  ancient  under- 
ground drainage  into  Polk  Bayou  or  the  White  River. 

The  Chinn  tract. — TheChinn  tract  is  in  14  N.,  6  W.,  section 
"28,  the  northwest  quarter.  Ascending  Cave  Creek  from  Polk 
£ayou,  the  first  place  where  prospecting  has  been  done  is  on  this 
|>roperty,  in  a  small  ravine  which  makes  down  from  the  hills  and 
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opens  into  Cave  Creek  bottom.  The  tops  of  the  hills  are  capped  by- 
chert,  and  the  slopes  of  the  ravine  are  covered  by  loose  fragments, 
that  have  rolled  from  above.  Several  small  prospect  pits  have^ 
been  dug  on  the  sides  of  the  ravine  and  have  shown  the  presence 
of  manganese  ore  of  a  hard,  iron-gray  variety,  containing  small 
cavities  filled  with  earthy  matter.  The  extent  of  the  clay  en- 
closing the  masses  of  ore  has  not  yet  been  determined  as  the- 
prospect  pits  have  not  gone  through  it.  It  is  undoubtedly 
underlain  by  the  decomposed  surface  of  the  St.  Clair  lime^ 
stone,  as  that  rock  is  exposed  at  the  same  level  in  the  bluffs  of 
Cave  Creek,  a  few  hundred  yards  to  the  north. 

ITie  Clinton  Trent  tract. — The  Clinton  Trent  tract  is  in  14 
N.,  6  W.,  section  22,  the  northwest  quarter.    Several  prospect 
pits  have  been  dug  on  this  property  at  the  base  of  the  chert 
bed  that  caps  the  hills  on  the  northwest  side  of  Cave  Creek,. 
The  pits  show  the  presence  of  considerable  quantities  of  man- 
ganese ore  imbedded  in  dark  chocolate  colored  clay.     Some 
of  the  ore  is  finely  crystalline  and  in  the  form  of  lumps  and 
nodules.     In  one  pit,  numerous  small  nodular  masses  of  ore,, 
as  large   as   variously  sized  shot  (**8hot  ore")  occur.    This, 
variety,  if  it  can  be  found  in   sutiicieiit  quantities,  can  be 
profitably  saved  by  washing  it  free  from  clay.     The  thickuesa^ 
of  the  deposit  has  not  yet  been  determined  und  the  underly-^ 
ingrockis  not  exposed  in  the  prospect  pits,  but  Judging  from 
the  character  of  the  surrounding  hills,  the  deposit  doubtless 
lies  in  the  hollows  of  the  St.  Clair  limestone  ('*gray  rock"). 
The  chert,  in  one  place,  dips  at  75®  N.  20°  W.,   an  occurrence 
which  is  brought  about  by  the  leaching  away  of  the  under- 
lying  limestone  and   the  subsidence  of    the  chert  bed,  as 
explained  on  pages  191-196. 

Southeast  of  this  place,  on  the  east  side  of  the  creek,  and 
still  on  the  land  of  Mr.  Trent,  another  prospect  pit  has  been 
made  at  the  base  of  the  chert  and  above  the  outcrop  of  St. 
Clair  limestone.  In  the  bottom  of  it,  a  mass  of  crystalliue 
ore  three  feet  in  diameter,  containing  small  cavities  filled 
with  dry,  black  clay,  has  been  exposed. 

The  O'Flinn mine.— The  O'Flinn  mine  is  in  14  N.,  6  W.,  sec- 
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tioD  22,  the  south  west  quarter  of  the  northeast  quarter.  The 
ore  on  this  property  occurs  Ja  somewhat  the  same  aaaociatioaa 
as  attheCuaou  place,  in  a  hard  indurated  clay  of  a  moreor  lesa 
sandy  consistency  and  of  a  maeeive  or  slaty  structure.  The  de- 
posit iainterstratilied  witli  the  St.  Clair  limestoue  and  repre- 
Bents  the  manganese  in  pluce  in  that  formation.  The  accom- 
pasying  figure  14  represents  a  section  of  the  hill  in  whieh 
the  deposit  is  exposed  and  shows  its  mude  of  occurrence. 


FIfurt  14.    Srclion  ihoiring  llie  vcairreiKt  n/manyniiw  nrt  al  Iht  O'  Fliati  mint 
A.    Boon*  cbtn. 


Tbflblftck  nmrkingi  lodiuat*  manginpHore,  but  are  eiiggenled  in  sIeq. 
Horiiantiil  >rale:  J  inch-HH)  Sect.    Vartial  anle:  I  inch-IDO  teel. 

The  manganese  is  sometimes  in  large  masses  of  bard,  steel- 
gray  ore,  oue  to  tliree  feet  in  diameter,  and  sometimes  in 
smaller  masses  or  in  flat  concretions  ("button  ore")  imbedded 
in  the  earthy  deposit.  The  enclosing  material  is  usually  of  & 
red  or  brown  color,  but  is  frequently  streaked  with  black 
bands,  due  to  a  stuin  nf  manganese. 

A  shaft  was  once  sunk  in  the  St.  Clair  limestone  here 
in  search  of  gold  and  silver,  but  has  been  abandoned.  It  is 
now  mostly  tilled  with  water,  but  is  said  to  he  103  feet  deep. 
Many  masses  of  a  pink  St.  Clair  limestone,  containing  inclu- 
sions of  red  and  green  clay  and  cavities  lined  with  crystalline 
quartz  and  white  calcite  are  on  the  dump.  Veins  of  calcite 
also  traverse  the  limestone  bed,  but  the  rock  from  which  the 
gold  and  silver  is  said  to  have  been  taken  is  a  iiard,  massive, 
duU'Colored    qnartz,    of    a    somewhat    grauular  structure. 
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frequently  containing  small  cavities  lined  with  red,  trans- 
parent quartz  crystals.  This  rock  is  said  to  have  lain  almost 
horizontally  and  to  have  been  eighteen  inches  in  its  thickest 
part.  It  probably  represents  a  lenticular  bed  in  the  St.  Clair 
limestone. 

Tlie  Geo.  D.  Reves  trad. — The  George  D.  Reves  tract  is  in 
14  N.,  6  W.,  section   15,  the  southeast  quarter  of  the  south- 
west  quarter,  and  is  situated  less   than  a   mile  above  the 
O'Flinn   place,  in   the   Cave   Creek  valley.     The    St,   Clair 
limestone    crops   out   in   many  places   along   the    sides    of 
the  hill,  and  its  exposures  are  separated  by  areas  of  residual 
clay  with  masses  of  manganese  ore  and  fragments  of  chert. 
Several  small  pits  dug  along  the  line  of  contact  of  the  chert 
and  St.  Clair  limestone   for  a   distance  of  several    hundred 
yards,  all  show  the  presence  of  more  or  less  hard,  steel-blue, 
massive  ore. 

The  E.  H.  Woodward  traoL — This  property  is  in  14  N.,  6 
W.y  section  16,  and  is  controlled  by  E.  H.  Woodward  and 
Company.  It  shows  indications  of  manganese  in  its  eastern 
and  northwestern  parts,  but  very  little  work  has  been  done 
on  it.  Fifteen  tons  of  ore  are  said  to  have  been  mined  and 
shipped. 

ITie  Trent  mine. — The  Trent  mine  is  in  14  N.,  6  W.,  sec- 
tion 10,  the  southwest,  northwest,  and  northeast  quarters  of 
the  southeast  quarter,  and  is  the  property  of  the  Ferro- 
Manganese  Company  (E.  H.  Woodward  and  Company).  It 
will  be  seen  on  the  map  that  a  small  creek  heads  in  the  chert 
hills  in  the  southern  part  of  sections  10  and  11  and  runs 
south  through  this  property  into  Cave  Creek.  It  has  cut  ita 
channel  through  the  chert  bed  and  almost  through  the  St. 
Clair  limestone  ("gray  rock").  The  bed  of  the  stream  is  still 
in  the  latter  rock,  and  the  underlying  Izard  limestone  is  not 
seen  until  the  confluence  with  Cave  Creek  is  reached.  On 
the  slopes  of  the  hills  along  this  tributary,  the  manganese- 
bearing  clay  is  exposed  in  many  places. 

The  Trent  mine  was  worked  by  E.  H.  Woodward  and 
Company  between  1881  and  1887  and  two   large   pits   were 
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suiik  to  a  depth  oC  twenty  feet,  while  a  shaft  was  sunk 
-considerably  deeper.  In  some  places  the  uaevenlj  decom- 
posed surface  of  the  St.  Clair  litneetone  has  been  foand, 
underlying  the  ore-bearing  clay.  The  property  is  not  being 
worked  at  present.  «. 

The  ore  occurs  in  both  small  and  large  masses,  from  a 
fraction  of  an  inch  to  ^ereral  inches  iu  diameter.  These  are 
scattered  irregularly  through  a  clay  bed  which  varies  from 
ten  to  probably  thirty  or  forty  feet  in  thickness,  and  in  some 
places  runs  to  still  greater  depthsin  hollows  in  the  limestone. 
There  are  considerable  quantities  of  small  ore  ("wash  dirt") 
which  could  be  easily  saved  with  proper  washing  facilities. 

The  accompanying  figure  15,  though  on  a  small  scale, 
shows  the  relation  of  the  ore-bearing  clay  to  the  chert  and 
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8t.  Clair  limestone.  It  will  be  observed  that  the  clay 
occors  on  the  slopes  of  the  hills  and  below  the  base  of 
the  chert  l>ed,  and  that  it  llf s  in  hollows  in  the  decayed  surface  of 
the  St.  Chir  limestone,  Ironi  which  it  bau  been  derived.  It  is 
frequently  covered  with  loose  fragments  of  chert  that  have  rolled 
from  above. 

The  Si.  Clair  limestone  in  sometimes  of  the  purplish-red 
"Variety,  but  is  generally  of  a  tight  gray  color.  It  frequently 
-contains  eeam^  and  nodules  of  manganese  ore  from  a  third  of  an 
inch  to  three  incites  in  diameter.  A  part  of  the  decayed  surface 
•of  the  St.  Clair  lime)«tone,  as  exponed  in  one  of  the  large  pita,  is 
shown  iu  figure  9,  page  169,  and  is  described  there.  It  contains 
•Dodules  and  xeanis  of  ore  which  lie  in  the  planes   of  bedding   of 
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the  rock  and  often   show  a   more  or   less   laminated   structure^ 
Thin  films  of  red  clay  separate  the  laminae  and  frequently  coat 
the  nodules  of  harder  ore.     A  thickness  of  ten  to  fifteen  feet   of 
ore-bearing  clay  overlies  this  exposure  and  runs  down  to  unex- 
plored depths  in  hollows  in  the  limestone. 

It  is  only  the  ore   in  the  clay  that  can  be  profitably   mined, 
however,  and  this  is  of  the  hard,  crystalline  or  massive   vari- 
ety similar  to  some  of  that  in  the  rock. 

Three  hundred  yards  southeast  of  the  above  mentioned  pit,, 
is  another  opening,  showing  similar  ore,  clay,  and  limestone,  ex- 
cept that  the  limestone  does  not  contain  the  seams  and  nodules, 
of  manganese  seen  in  the  other  pit.  Joints  wiCh  deeply  striated 
faces  (slickensides)  are  numerous  in  the  clay,  and  are  due  to  the 
gradual  sinking  of  that  bed  as  it  was  slowly  formed  by  the  de- 
composition of  the  limestone.  Striated  films  of  clay  sometimes 
adhere  to  the  granular  surface  of  the  peaks  of  limestone  that  pro- 
trude into  the  ore-bearing  bed,  and  these,  doubtless,  are  the 
records  of  the  sinking  of  the  clay  around  a  resisting  point. 

Many  other  small  openings  have  been  made  in  the  hollow 
in  which  the  Trent  mine  is  situated.  They  all  show  similar  ore 
in  similar  associations  and  do  not  require  further  mention.  They 
serve  to  prove  the  very  general  presence  of  mmganese  in  this 
locality. 

The  Privet  tract. — The  Privet  tract  is  in  14  N.,  6  W.,  sec- 
tion 11,  in  the  upper  part  of  the  Cave  Creek  valley,  a  little  over 
a  mile  east  by  north  from  the  Trent  mine.  It  is  the  property 
of  Mr.  Simon  Adler,  of  Batesville*  Several  small  prospect  pits 
were  dug  in  1886  and  thirty  tons  of  ore  are  said  to  have  been 
shipped.     The  pits  are  now'mostly  filled  up. 

The  ore  deposit  occupies  the  lower  slopes  of  the  west  side  of 
a  hill  which  is  capped  by  a  knob  of  chert  forty  feet  or  more  in 
thickness.  Fragments  of  ore  have  frequently  been  washed  out  of 
the  enclosing  clay  and  have  collected  in  small  gullies  on  the  hill- 
side. Masses  of  gray  St.  Clair  limestone  occur  in  the  clay,  but 
the  main  body  of  that  formation  is  not  seen  in  place.  There  is. 
doubtless  a  considerable  thickness  of  clay  here,  but  the  quantity 
of  ore  in  it  remains  to  be  determined. 
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Other  looalitiea  on  Cave  Creek, — Between  the  various  placeH 
already  described  on  Cave  Creek,  there  are  numerous  other 
localities  where  manganese  has  been  found,  and  doubtless  there 
are  many  more,  covered  by  loose  chert  from  the  hills,  that  have 
not  yet  been  discovered.  Those  mentioned,  however,  comprise 
most  of  the  places  where  work  has  been  done.  The  other  local- 
ities that  have  been  found  show  ore  on  the  surface,  mixed  with 
the  red  clay  and  loose  chert,  but  have  not  yet  been  tested  as  to* 
extent. 

To  the  north  and  northeast  of  the  Privet  property  there 
is  a  high,  rugged,  chert  area  comprising  the  region  of  the  head- 
waters of  Cave,  Miller,  Iforth  Dota,  and  Coon  Creeks,  the 
last  a  branch  of  Sullivan  Creek  fork  of  Polk  Bayou.  To  the 
west  of  this  chert  region  is  the  manganese  area  of  Coon  Creek 
and  other  tributaries  of  Sullivan  Creek,  which  will  be  described 
later  in  this  chapter.  To  the  east  no  manganese  has  been  found, 
though  the  St.  Clair  limestone  is  exposed  in  the  bluffs  of  the 
upper  part  of  Miller  Creek  for  over  two  miles.  The  limestone 
in  this  locality  is  of  a  gray  or  light  pink  color  and  contains  no 
visible  manganese  ore,  though  an  analysis  of  a  sample  of  it  from 
St.  Clair  Spring,  on  the  east  side  of  the  Batesville  and  Hickory 
Valley  road,  shows  the  presence  of  less  than  0.2  per  cent  finely 
disseminated  through  it,  probably  in  the  form  of  carbonate  of* 
manganese.  Still  farther  to  the  east,  beyond  the  Miller  Creek 
exposures,  no  manganese  has  been  found,  and  the  barren  chert 
bills  of  the  upper  part  of  Dota  Creek  form  a  natural  boundary 
to  the  manganese  region. 

POLK  BAYOU  BASIN. — Eost  si^e  of  Sullivan  Creek. 

General  features. — The  summit  of  the  divide  between  Cave 
Creek  and  Sullivau  Creek  is  an  exclusively  chert  area  with  the 
characteristic  rough,  barren  topography  of  a  region  underlain  by 
that  rock.  On  both  sides  of  the  divide  the  numerous  tributaries 
of  the  two  streams  have  cut  through  the  chert  into  the  underly- 
ing St.  Clair  limestone,  and  beds  of  ore-bearing  clay,  derived  from 
the  decay  of  the  latter,  have  resulted  from  this  exposure.  The  de- 
posits  on    the   tributaries   of  Cave   Creek    have   already   been. 
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described.  Those  on  the  west  or  the  Sullivan  Creek  side,  resemble 
the  latter  in  most  respects,  except  that  in  the  northern  part  of 
the  Sullivan  Creek  drainage,  more  of  the  St.  Clair  limesione  has 
been  decomposed  and  the  capping  of  chert  is  much  thinner  than 
in  many  parts  of  the  Cave  Creek  basin.  Most  of  the  manganese 
openings  on  the  west  side  of  the  divide  are  in  the  basin  of  Coon 
Creek.  South  of  that  area,  between  Coon  Creek  and  the  month 
of  Sullivan  Creek,  manganese  has  been  found,  but  very  little 
development  work  has  been  done. 

The  Sullivan  Creek  basin  differs  markedly  from  the  Cave 
Creek  basin  in  that  it  has  not  only  cut  through  the  chert,  the 
8t.  Clair  limestone,  and  into  the  Izard  limestone,  as  in  the  case  of 
the  latter  stream,  but  it  has  reached  the  still  lower  saccharoidal 
sandstone,  and  this  rock  forms  the  bed  of  the  creek  throughout 
the  manganese  region.  Its  tributaries,  however,  as  far  north  as 
Coon  Creek,  run  mostly  in  basins  of  the  overlyiugj  rocks. 

The  Perrin  tract. — The  Perrin  tract  is  in  14  N.,  6  W.,  sec- 
tion 8,  the  southeast  quarter.  Manganese  has  been  found  in 
several  places  on  it  in  association  with  a  red  or  brown  clay. 
The  ore  occurs  either  as  crystalline  nodules  of  a  dull,  black  color 
on  the  outside  and  a  bright  steel-gray  inside,  or  as  a  more  massive 
tnaterial  in  larger  bodies,  often  containing  small  cavitie-'.  The 
ore  outcrops  on  the  slopes  of  the  hills  at  the  base  of  a  heavy  chert 
capping.  The  St.  Clair  limestone  is  not  seen,  and  on  parts  of 
the  property  it  has  probably  entirely  decayed,  while  in  other 
parts  it  doubtless  exists  as  knobs  under  some  of  the  chert-covered 
hills.  As  a  result  of  this  extensive  destruction  of  the  limestone, 
considerable  deposits  of  clay  with  a  variable  amount  of  ore  are  to 
be  expected.  The  depth  of  the  deposits  has  not  yet  been  tested, 
but  several  small  pits  on  the  slopes  of  the  hills  prove  the  presence 
of  manganese  ore  and  its  accompanying  clay.  Forty  tons  of  ore 
are  said  to  have  been  taken  out  of  one  of  the  prospect  pits. 

A  similar  ore  occurs  with  the  same  associations  in  14  N., 
*6  W.,  section  8,  the  southeast  quarter  of. the  northeast  quarter, 
on  the  land  of  John  Wilson,  and  also  in  the  adjoining  section  9, 
on  the  east  half  of  the  southwest  quarter.     Very  little  work  has 
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been  done  in  this  area,  however,  and  the  ore  is  only  seen  in  loose 
masses  on  the  slopes  of  the  hills. 

Tke  Hunt  tract. — The  Hunt  tract  is  in  14  N.,  6  W.,  section 
10,  the  southwest  quarter  of  the  northeast  quarter.  It  is  also- 
known  as  the  Kelly  tract  or  Ramsey  tract  and  is  in  the  hills 
south  of  Coon  Creek,  about  two  miles  east  of  the  Perrin  tract. 
Here,  as  in  the  properties  just  mentioned,  the  hills  are  heavily 
capped  with  chert,  and  loose  fragments  have  rolled  from  above 
and  have  completely  covered  the  slopes.  Several  small  prospect 
pits,  dug  through  this  loose  material,  have  shown  the  presence 
of  a  hard,  massive,  iron-gray  ore  buried  in  a  red  clay.  The  St. 
Clair  limestone  is  not  seen,  but  the  character  of  the  hills  and  the 
way  the  chert  lies  on  the  steep  slopes  suggests  the  probability 
that  it  underlies  a  large  part  of  the  higher  land.  This  property 
adjoins  the  Trent  mine  on  the  north,  and,  though  not  enough 
work  has  been  done  on  it  to  actually  prove  th^  extent  of  tbe< 
manganese-bearing  clay,  yet  the  same  indications  that  prevail  at 
that  mine  are  seen  here. 

The  Edward  Hunt  tract. — The  Edward  Hunt  tract  is  in  14 
N.,  6  W.,  section  11,   the'  southeast   quarter   of  the  northwest 
quarter  and  the  southwest  quarter  of  the  northeast  quarter.     It  is. 
heavily  covered  with  chert,  but  the  St.  Clair  limestone  is  exposed 
in  some  of  the   ravines.     Several   small   pits  have  shown   the 
presence  of  minganese  ore  on  the  slopes  of  the  hills  at  or  below 
the  base  of  the  chert  bed     and  overlying  the  decayed  surface  of 
the  limestone.     The  ore  is  associated  with  clay  of  a  dark  purplish- 
chrtcolate  color,  and  is  a  coarsely  crystalline,  steel-gray  variety. 
The  St.  Clair  limestone  is   of  the  same  color   as  the  clay,   and 
contains  masses  and  seams  from  one  inch  to  eight  inches  in  thick- 
ness, of  the  same  kind  of  ore  as  is  found  in  that  bed. 

This  property  is  an  excellent  example  of  the  origin  of  the 
manganese  deposits  from  the  decomposition  of  the  limestone,  and 
as  a  result  of  such  a  mode  of  origin,  it  may  be  expected  in  a  ease 
like  this,  where  the  limestone  contains  considerable  quantities  of 
manganese,  that  deposits  of  ore-bearing  clay  can  be  found,  which 
will  depend  for  their  extent  on  the  amount  of  the  decay  of 
the  rock.     It  also   follows  that  the  places  to  look  for  such  ores. 
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are  aloDg  the  sides  of  the  hills,  in  the  hollows  in   the  limestone 
ledgfs,  since  these  hollows  are  formed  by  the   decomposition   of 
the   limestone,   and   this   means  the    formation  of    ore-bearing 
clay. 

The  Jl  -B.  Oray  tract. — The  J.  B.  Gray  tract  is  in  14  N.,  6 
W.,  and  covers  all  of  the  west  half  of  section  2,  except  the  north- 
east quarter  of  Che  northwest  quarter  and  the  northeast  quarter 
of  the  southwest  quarter.  This  property  is  situated  near  the 
headwaters  of  Coon  Creek,  and  consists  largely  of  an  Izard  lime- 
stone area  covered,  to  a  greater  or  less  extent,  with  red  clay  carry- 
ing a  variable  amount  of  ore  and  loose  fragments  of  chert.  The 
thick  covering  of  chert  seen  to  the  south  has  been  mostly  eroded, 
though  it  frequently  occurs  as  small  isolated  knobs  capping  the 
<3lay  covered  hills.  The  St.  Clair  limestone  is  not  seen  and 
probably  has  mostly,  and  in  many  places  altogether,  decayed. 
The  result  of  the  decomposition  of  the  limestone  has  given  rise 
to  the  ore-bearing  clay  that  overlies  the  property,  and  the  re- 
moval of  the  chert  has  exposed  this  clay  in  many  places,  and  has 
given  the  country  a  less  rugged  appearance  than  the  chert  areas 
to  the  south.  In  some  parts  of  the  property  the  ore  deposit  has 
suffered  from  this  exposure  and  has  been  partly  carried  away  by 
surface  waters;  but  in  many  places,  especially  where  some  of 
the  chert  remains,  it  has  a  considerable  depth. 

Several  small  pits  have  been  dug  on  the  property  and  sixty- 
three  tons  of  ore  have  been  shipped  by  the  owner,  Mr.  J.  B, 
Gray.  The  analyses  of  three  car-loads  given  below  show  a  high 
grade  ore.  It  was  analyzed  and  bought  by  Carnegie  Bros,  and 
Co.,  of  Pittsburg. 

Analyses  of  manganese  ore  from  the  J.  B,  Gray  tract, 

MaDganeae 50.81  46.36  49.36 

Iron 2.90  8.53  5  97 

silica 2.50  4  25  3.90 

Phosphorus 0.126  0.128  0.156 

Moisture ^  2.50  5.50 

The  McGee  tract, — Manganese  ore  occurs  in  varying  quan- 
tities on  the  McGee  Tract,  on  Coon  Creek,  to  the  south  and 
southwest  of  the  Gray  tract,  as  well   as  elsewhere  in   the   same 
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region.     Oae  car-load  of  ore  is  said  to  have   been  shipped    from 
the  McGee  tract  by  E.  H.  Woodward  and  Company. 

T%e  MiUigan  trad. — The  Milligan  tract  is  in  14  N.,  6  W., 
section  6,  the  northeast  quarter  of  the  northwest  quarter,  on  the 
northern  escarpment  of  the  hills  that  lie  at  the  headwaters  of 
Cave,  Coon,  and  North  Dota  Creeks.  A  few  scattered  fragments 
of  manganese  ore  lie  on  the  slopes,  associated  with  loose  chert 
and  masses  of  St.  Clair  limestone.  Frequently  loose  masses  of  a 
bright,  glossy  iron  ore  (limonite),  of  a  brown  or  black  color,  oc- 
cur with  the  manganese.  The  property  represents  the  northeastern 
limit  of  the  manganese  ores  in  this  part  of  the  region.  Occa- 
sionally a  little  ore  is  found  for  a  short  distance  beyond,  but  it  is  in 
small  quantities  and  rapidly  disappears  altogether. 

In  the  face  of  the  hills  in  which  the  Milligan  property  is  sit- 
uated, the  St.  Clair  limestone  sometimes  crops  out  with  the  chert 
bed  above  and  the  Izard  limestone  below.  To  the  north  of  this 
region,  however,  the  St.  Clair  limestone,  if  it  ever  existed,  has 
been  entirely  removed,  as  well  as  any  residual  clay  and  mangan- 
ese ore  that  may  have  been  formed  from  its  decomposition.  The 
country  is  largely  an  area  of  Calciferous  sandstone,  studded  with 
outliers  of  Izard  limestone,  the  latter  occasionally  capped  with 
tshert.  It  may  be  said,  therefore,  that  in  the  country  east  of 
Sullivan  Creek  the  line  between  townships  14  and  15  north 
marks  the  northern  limit  of  the  manganese  region. 

POLK  BAYOU  BASIN. —  The  Polk  Bayou  and  Sullivan  Greek  divide. 

Oeneralfeatures. — Between  Polk  Bayou  and  the  lower  part 
of  Sullivan  Creek,  there  is  a  hilly  country  composed  largely  of 
Izard  limestone.  The  outcrop  of  this  rock  extends  in  a  long  nar- 
row tongue  from  the  confluence  of  the  two  streams  northward  for 
five  miles,  until  it  finally  thins  out  in  the  sandstone  country  still 
further  to  the  north.  On  both  sides  of  this  limestone  divide, 
the  streams  have  cut  down  to  the  underlying  sandstone,  and 
belts  of  that  rock  follow  along  their  courses  as  shown  on  the  map. 
The  St.  Clair  limestone,  which  once  overlay  the  Izard  limestone, 
faas  entirely  decayed,  with  the  exception  of  a  flew  small 
knobs  or   loose   masses   in   the   residual   clay.     The  chert  bed 
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still  exists  in  spots,  though  it  has  agreutly  diminishetl  thickaess 
and  forma  a  far  less  prominent  feature  of  the  country  than  od 
the  divide  between  Sullivan  and  Cave  Creeka.  In  many  place'', 
the  reeidaal  ore-bearing  clay  is  exposed  un  the  surface,  giving 
rise  to  rounded  hills  with  red  day  soils.  As  the  result  of  this 
ezpOBUre,  the  manganese-beariDg  clay  and  its  ore  have  often  beea 
almost  entirely  eroded  away  and  remain  only  where  hollows  iu 
the  Izard  limestooe  have  eaved'them.  But,  when  a  protecting 
cap  of  chert  exists,  the  ore  and  the  clay,  where  they  have  been 
formed,  still  preserve  a  considerable  thickness. 

For  a  distance  of  abont  a  mile  north  of  the  conflneuce 
ofSnIlivan  Greek  and  Folk  B^you,  the  Izird  limestone  on  the 
divide  has  been  completely  denuded  of  both  chert  and  ure-bear- 
ing  clay,  and  ezist-s  in  low  rooky  ledges,  becoming  higher  and 
higher  to  the  north,  until  the  ore-bearing  region  is  reached. 

The  John  B.  Skinner  tract. — This  part  of  Mr.  Skinner'a 
property  is  in  14  N.,  6  W.,  section  18,  the  northwest  quarter  of 
the  northwest  quarter,  on  the  summit  of  the  divide  between  Polk 
Bayou  and  Sullivan  Creek,  which  here  rises  almost  two  huudred 
feet  above  those  streams.     Manganese  ore  occurs  in  association 


Plgur*  18.    SKIImBllheJijhitB.SHiin'r/raeltlioaHngmtmaiiganm-iearinsctay  in  Ilia 
AoUotfjIn  thadeaiyii  tuifaet  <tf  lii*  Izard  tlmfttotu, 

A.  S>.  Clilr  llmestons. 

B.  luid  llmntone. 

0.    llmDginew-beuIng  cUr. 

HorlioDlkl  nnd  Tirtlal  aol*:      1  lnch=li  Icet. 

with  a  red  clay  in  the  form  of  masses  from  one  to  six  inches  in  diam- 
eter, and  of  small  fragments  and  concretions  ("shot  ore"). 
Numerous  fragments  of  chert,  Izard  limestone,  and  St.  Clair  lime- 
stone also  occur  in  the  clay.  The  deposit,  as  shown  in  the  ac- 
oompanying  figure  16,  lies  in  the  hollows  in  the  surface  of  the 
Izard  limestone,    which  has  been  deeply   scored  wilh    irregular 
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holes  and  cavities  by  the  dia^jotvin^r  action  of  surface  waters.  It 
ie  to  the  esUtence  of  these  holiow-i  th:it  the  preservatioD  of  the 
"ore  din"  is  due,  since  the  covering  of  chert  has  been  entirely 
removed  and  the  clay  and  ore  have  been  exposed  to  erosion^ 
which  has  carried  away  a  larger  part  of  theoa  and  would  doubt- 
leaa  have  carried  oS  the  rest,  had  it  not  been  held  in  the  boleu- 
in  the  limestDoe. 

The  dependence  of  the  preservation  of  ths  ore  on  the  hol- 
lows  in    the   Izard    limestone    is    shown  in    figure    17,  whicl> 


M  Iht  PM  Baysa  and  3<iUlati  tjrvk  Hci^  in  I. 


represents  a  section  through  this  property  across  the  divide- 
between  Polk  Buyou  and  Sullivan  Creek.  It  will  be  observed 
that  but  little  manganese-bearing  cl:iy  esitts  above  the  space 
comprised  in  thf  hollows.  The  Izard  limestone  was  once  over- 
laiu  liy  the  St.  Clair  limestone  and  the  B>one  chert,  but  both  of 
these  formation-*  huve  been  almost  entirely  removed.  All  that 
remains  of  the  chert  are  a  few  scaitered  fragmentH  on  the  surf-ice 
of  the  hill,  while  the  St.  Clair  limestone  Is  represenled  by  loiise 
masses  and  by  one  small  exposure  in  situ,  capping  a  knob  oi  tbe 
Isard  limestone,  as  shown  in  both  figures  17  and  16.*  The  decay 
of  the  St.  Clair  limestone  has  given  rise  to  the  ore-bearing  clay, 
which  has  sunk  down  into  the  hollows  formed  in  the  Izard 
limestone  after  the  overlying  formation  had  been  decomposed. 

The  following  thirteen  analyses  represent  as  many  car-load 
flhipments  of  ore  from  this  property.     Tlie   fir-it   four    were  an- 
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alyzed  and  coDsumed  by  the  North  Chicago  Uolling  Mill    Com- 
pany, the  remainder  by  the  Illinois  Steel  Company: 

AnalyBes  of  manganese  ore  from  the  Skinner  tract. 


No. 


1 

2 
3 

4 
5 
6 

4 

s 

9 
10 
U 
12 
13 


Mangan- 
ese. 

Iron. 

Silica. 

Phonpho- 
ras. 

95.68 

2.00 

0.172 

58.66 

2.50 

0.209 

51.86 

7.80 

0.141 

42.77 

5.50 

0.528 

56.10 

2.61 

5.44 

0.075 

57.«1 

2.05 

5.83 

0.072 

57.41 

1.62 

6.00 

0.100 

55.70 

1.85 

6.71 

0.078 

56.76 

2.19 

5.49 

0.C68 

57.89 

1.55 

5.46 

0.074 

88.49 

8.80 

19.96 

0.115 

56.65 

1.68 

5.55 

0.066 

58.31 

1.88 

5.78 

0.064 

Moiature. 


0.60 
0.80 
1.00 
0.80 
0.20 
0.10 
7.00 
0.80 
0.90 


Continuing  north  from  the  last  property,  the  same  character 
of  ore  is  seen  at  intervals  along  the  Polk  Bayou  and  Sullivan 
Greek  divide.  It  is  generally  exposed  on  the  hilltops  or  covered 
with  a  thin  coating  of  fragments  of  chert.  Frequently  knobs  of 
Izard  limestone  protrude  through  the  clay  and  prove  the  presence 
of  that  rock  at  short  distances  beneath. 

The  Patterson  tract, — The  Patterson  tnct  is  in  14  N.,  6  W., 
section  7,  the  northwest  quarter  of  the  southeast  quarter;  and  the 
south  half  of  the  northeast  quarter.  It  is  on  the  summit  of  the 
Polk  Bayou  and  Sullivan  Creek  divide  and  half  a  mile  northeast 
of  the  Skinner  tract.  The  ore  is  scattered  through  a  red  clay  soil 
and  is  of  the  hard,  massive,  .«*teel-gray  variety,  with  small  cavities 
lined  or  filled  with  black  clay. 

Local  features, — Going  north  from  the  Patterson  tract  on 
the  Polk  Bayou  and  Sullivan  Creek  divide,  a  region  is  reached 
in  which  not  only  the  whole  of  the  St.  Clair  limestone,  but  also 
a  part  of  the  Izard  limestone  has  decayed.  A  part  of  the  chert 
bed  still    remains,  but  it  is  much  shattered  and  broken   on   ae- 
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t^ouDtof  the  removal  of  the  underlyiofs^  limestone,  and  now 
occurs  Ml  isolated  areas,  capping  hills  or  long  narrow  ridges  of 
the  Izard  limestone,  while  in  the  hollows  the  still  lower  sac- 
charoidal  sandstone  appears. 

Figure  2,  of  plate  XI.,  represents  a  section  in  an  east  and 
west  direction  across  the  divide,  along  the  center  line  of  the 
most  southerly  tier  of  sections  in  township  15  N.,  and  shows  the 
condition  of  the  rocks.  The  general  dip  of  the  rocks  is  agentlj 
undulating  incline  to  the  southwest.  The  summit  of  the  divide 
reaches  about  350  feet  above  the  level  of  Polk  Bayou  and  is 
<;apped  with  loose  chert  which,  as  will  be  seen  in  the  figure,  rests 
on  the  decayed  surface  of  the  Izard  limestone.  Manganese  is 
found  on  the  slopes  of  the  hills,  cropping  out  at  the  base  of 
the  chert  and  on  the  surface  ot  the  Izard  limestone.  It  is  asso* 
ciated  with  red  or  brown  clay  and  represents  the  residual  product 
of  a  stratum  of  St.  Clair  limestone,  which  once  occupied  a  posi- 
tion between  the  base  of  the  chert  and  the  top  of  the  Izard  lime- 
stone. The  Clark  and  B  ixter  tracts,  and  the  Baxter  and  Mont- 
gomery mines  described  below  are  just  south  of  the  hill  repre- 
sented in  the  center  of  the  divide,  the  last  two  being  on  its  im- 
mediate southern  slope. 

The  John  Clark  tract — The  John  Clark  tract  is  in  14  N.,  6 
W.,  section  5,  the  northwest  quarter  of  the  northwest  quarter; 
and  in  15  N.,  6  W.,  section  32,  the  southeast  quarter  of  the 
southwest  quarter.  This  property  is  a  mile  and  a  half  northeast 
of  the  Patterson  tract  and  the  mode  of  occurrence  of  the  ore  is 
^bout  the  same  as  at  that  place.  The  ore  is  scattered  on  the  top 
and  slopes  of  a  hill  west  of  Squire  Clark's  house,  in  loose  masses 
mixed  with  red  clay,  angular  chert  fragments,  and  rounded  peb- 
bles. The  decayed  surface  of  the  Izard  limestone  protrudes 
through  the  clay  in  many  places  on  the  slopes,  but  on  the  summit 
it  is  completely  covered  by  the  ore-bearing  deposit.  Several 
small  pits  have  been  dug,  but  the  depth  of  the  clay  has  never 
been  determined.  One  pit  is  said  to  have  been  sunk  to  a  depth  of 
twenty  feet  without  reaching  the  bottom  of  the  clay.  Ninety 
tons  of  ore  have  been  mined  on  this  property  and  the  adjoining 
iorty  acres  to  the  southwest. 
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Ihe  R.  R  Clark  tract— The  R.  F.  Clark  tract  is  iu  14  N.^ 
6  W.,  section  6,  the  southeast  quarter  of  the  northeast  quarter^ 
and  adjoins  the  last  mentioned  tract  on  the  southwest.  Both  tracts 
form  parts  of  the  same  hill,  and  what  has  already  been  said  oS 
the  John  Clark  property  applies  also  to  this. 

The  Baxter  tract. — The  Baxter  tract  is  in  15  N.,  6  W.,  sec- 
tion 31,  the  southeast  quarter  of  the  southeast  quarter;  and 
section  32,  the  southwest  quarter  of  the  southwest  quarter.  It 
adjoins  the  John  Clark  tract  on  the  west  and  forms  part  of 
the  same  hill.  The  ore  occurs  in  the  same  manner  as  at  that 
place.  It  is  scattered  in  loose  masses  on  the  surface,  in  associa^ 
tion  with  a  red  clay,  fragments  of  angular  chert,  and  rounded 
pebbles.  What  has  already  been  said  of  the  John  Clark  tract  may 
be  applied  to  this.  The  depth  of  the  clay  on  top  of  the  hill  haa 
not  been  tested,  but  the  deposit  will  probably  be  found  to  rua 
down  into  holes  in  the  underlying  limestone. 

The  Baxter  mine, — The  Baxter  mine  is  in  15  N.,  6  W.,. 
section  32,  the  northwest  quarter  of  the  southwest  quarter  and 
adjoins,  on  the  north,  the  Baxter  tract  just  mentioned.  It  is  oo 
the  south  slope  of  a  hill  and  consists  of  a  large  pit  about  twenty 
feet  deep,  from  which  three  hundred  and  fifty  tons  of  ore  are 
said  to  have  been  taken.  The  hill  is  capped  with  chert  and  the 
opening  is  made  in  the  residual,  ore- bearing  clay  at  its  base^ 
The  Izard  limestone  is  exposed  at  the  foot  of  the  hill.  The  clay 
is  of  a  red  or  dark  chocolate-brown  color,  and  contains  masses  of 
ore  from  a  quarter  of  an  inch  to  twenty- four  inches  or  more  in 
diameter.  The  ere  is  sometimes  of  a  hard,  crystalline  variety^ 
sometimes  in  the  form  of  small  concretions  and  fragments,  (''shot 
ore'')  and  occasionally  in  a  porous,  earthy,  brown  mass. 

The  propel ty  is  now  being  worked  by  John  B.  Skinner  and 
Company.  The  ore  is  carried  on  a  tramway  to  Sullivan  Creek,, 
a  distance  of  about  a  mile,  where  it  is  crushed  and  washed  in 
a  series  of  jigs.  (See  Methods  of  Mining  in  the  Batesvi lie  Re- 
gion, chapter  XI).  The  accompanying  drawing  from  a  photo- 
graph represents  the  Bjixter  mine.  The  sides  of  the  pit  are 
composed  of  the  ore-bearing  clay,  with  loose  masses  of  St.  Clair 
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iind  Izard  limestones^  while  fragments  and  slabs  of  chert  lie  on 
the  hillside. 

The  following  analyses  represent  the  composition  of  three 
-car-loads  of  ore  mined  on  this  property  by  Messrs.  Skinner  and 
Abbot.     The  ore  was  analyzed  by  the  Illinois  Steel  Company. 

Analyses  of  manganese  ore  from  the  Baxcter  mine. 

Manganese 65.60  47.70  45.77 

Iron 8.78  4.77  4.67 

Silica.. 24.58  10.98  14.06 

PhoRphorus 0.149  0.284  0.342 

Water 9.80  9.20  8.20 

Ores  of  considerably  better  quality  than  these  are  reported 
to  be  mined  at  present  on  the  same  property  by  John  B.  Skinner 
and  Company. 

The  Montgomery  mine. — The  Montgomery  mine  is  in  15  N., 
<5  W.,  section  32,  the  northeast  quarter  of  the  southwest  quarter. 
It  adjoins  the  Baxter  mine  on  the  east  and  resembles  it  in  most 
respects.  It  is  on  the  same  slope  of  the  same  hill  and  the 
two  pits  are  directly  alongside  of  each  other.  The  clay  lies  on 
the  surface  of  the  Izard  limestone  and  the  ore  occurs  in  varioas 
forms,  either  as  masses  of  hard,  steel-gray  ore,  as  flat  concretions, 
•("  button  ore''),  or  as  small,  round,  concretions  and  fragments 
of  the  larger  ma^^ses  (**  shot  ore",  *'  wash  dirt ").  The  ore  could 
be  easily  freed  from  the  adhering  clay  by  proper  washing 
machinery. 

There  are  considerable  quantities  of  loose  masses  of  St, 
Olair  and  Izard  limestone  on  this  property,  and  often  the  two 
rocks  are  represented  in  the  same  fragment,  such  pieces  having 
•doubtless  come  from  the  point  of  contact  oi  the  two  beds.  The 
fragments  of  St.  Clair  limestone  are  frequently  stained  green 
with  carbonate  of  copper  and  often  contain  nodules  of  the  same 
material,  enclosing  a  kernel  of  oxide  of  copper.  The  green 
•carbonate  has  been  formed  by  the  chemical  alteration  of  the 
latter  material.  The  copper  minerals  are  not  \o  sufficient  quanti- 
ties to  be  of  any  commercial  value. 

The  accompanying  drawing  from  a  photograph  repreeents 
the  opening  at  the  Montgomery  mine.     The  sides  of  the  pit  are 
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oomposed  of  the  ore-bearing  clay,  while  the  rock  in  the  fore-^ 
ground,  on  the  right-hand  side,  is  a  mass  of  Izard  limestone- 
rounded  off  by  decay.  Some  of  the  St.  Clair  limestone  still  ad- 
heres to  it  and  in  places  appears  to  have  overlain  it  on  au 
uneven  surface.  So  little  of  the  St.  Clair  limestone  is  left^ 
however,  that  sufficient  evidence  is  not  at  hand  to  draw  conclu- 
sions as  to  the  cause  of  the  inequality. 

The  J.  P,  Montgomery  and  J.  W.  McDowell  tract;  the  J.  P*. 
Montgomery  tract. — The  Montgomery  and  McDowell  tract  is  in 
16  N.,  6  W.,  section  31,  the  northeast  quarter  of  the  southeast 
quarter ;  the  Montgomery  tract  is  in  section  31,  the  northwest 
quarter  of  the  southeast  quarter;  the  northeast  quarter  of  the 
southwest  quarter;  and  in  section  32,  the  southeast  quarter  of  the 
northwest  quarter.  These  properties  adjoin  on  the  west  and 
north  the  forty  acres  on  which  the  Baxter  mine  is  situated,  and 
are  heavily  capped  with  chert.  The  Izard  limestone  forms  the- 
lower  slopes  of  the  hills,  and  in  the  bottoms  of  the  hollows  the 
underlying  sandstone  crops  out.  The  St.  Clair  limestone  is  not 
seen  and  it  has  probably  entirely  decayed.  What  clay  and  ore 
it  may  have  contained  now  lie  between  the  ch(Tt  and  the  Izard 
limestone.  Numerous  small  pits  have  been  .sunk,  some  of 
which  have  struck  ore. 

There  is  frequently  found  here  a  soft,  earthy,  but  compact 
ore  of  a  jet  black  color,  containing  many  joints,  the  faces  of 
which  are  deeply  striated  with  slickeuhides  and  have  a  brilliant^ 
black  gloss.  It  represents  a  hardened  clay*  deeply  stained  with 
manganese^  and  is  often  mistaken  for  plumbago.  It  is  es- 
pecially plentiful  in  .15  N.,  6  W.,  section  31,  on  the  bluSs  of 
Polk  Bayou,  where  it  frequently  contains   angular  fragments  of 

*An  analysiA  of  this  material  made  by  the  chemist  of  the  Surrey  gaTo  the  foll>wiug  msuU«:. 

Manganese 14.57 

Ireo 10.84 

Silica 37.77 

Alumina  9.87 

Water 12.82 

The  harder  ore  found  on  these  properties  is  of  much  better  quality  than  the  materiah 
ffpgMeated  in  the  aboTe  analysi*. 
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oherty  which  have  been  blackened  throaghout  their  mass  by  the 
impregDatioD  of  mangAnese.  In  section  31,  a  pit  is  said  to  have 
been  sunk  into  it  for  twenty-five  feet  without  reaching  the  bot- 
tom. It  frequfutly  contains  cavities  lined  with  stalactites  of  harder 
manganese  ore  and  in  capped  by  a  deposit  of  laminated, 
brown  hematite,  A  dark  steel-gray  manganese  ore  has  also  been 
found  in  this  area. 

A  decomposed  chert  in  the  form  of  a  fine  powder  occurs  on 
the  land  of  Mr.  Montgomery  in  section  31.  This  contains 
particles  of  the  less  decayed  rock,  and  if  freed  from  these  it 
would  make  a  valuable  polishing  powder.  Masses  of  a  light, 
porous,  partly  decayed  chert  are  also  found  in  association  with 
this  material  and  could  be  used  for  whetstones. 

Besides  the  properties  already  mentioned,  Messrs.  McDowell 
and  Montgomery  own  several  other  tracts  of  land  in  sections  SI 
and  82. 

The  William  R,  Montgomery  tract. — The  William  R.  Mont- 
gomery tract  is  in  15  N.,  6  W.,  section  32,  the  south  half  of  the 
southeast  quarter,  and  shows  manganese  under  conditions  similar 
to  those  at  other  localities  already  described  in  the  neighbor- 
hood. 

The  Morris  tract. — The  Morris  tract  is  in  15  N.,  6  W.^ 
section  33,  the  west  half  of  the  southwest  quarter,  and  is  the  prop- 
erty of  Messrs.  J.  W.  McDowell  and  J.  P.  Montgomery.  Three 
pits  have  been  opened  on  it  and  several  hundred  tons  of  ore  are 
said  to  have  been  shipped.  .  The  ore  is  exposed  in  several  places. 

The  Bruce  tract — The  Bruce  tract  is  in  15  N.,  6  W.,  section 
28,  the  southwest  quarter  of  the  southwest  quarter;  section  29  the 
whole  of  the  southeast  quarter  with  the  exception  of  the  north- 
east quarter  of  it;  section  32,  the  northeast  quarter  of  the  north- 
east quarter;  section  33,  the  northwest  quarter  of  the  northwest 
quarter.  This  tract  is  largely  covered  with  rounded  pebbles  and 
angular  chert,  lying  on  low  hills  of  the  Izard  limestone  or  the 
underlying  sandstone.  The  Izard  limestone  becomes  thin  iii  thi» 
region  and  often  occurs  simply  as  small  outliers  on  the 
surface  of  the  sindstone.  Frequently,  however,  it  appears  to  be 
absent  when  it  is  only  hidden  under  the  gravelly  material    and 
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loose  chert.  The  St.  Clair  limestoDe  is  entirely  wanting  and 
not  even  fragmenta  of  it  remain.  The  chert  bed  has  almost  dis- 
appeared, and  occasional  small  areas  of  loose,  angular  frag- 
•ments  are  all  that  remain  of  ?t.  The  ore  is  found  as  masses 
mixed  with  the  chert  and  rounded  pebbles,  or  as  a  cement  of  a 
breccia,  bioding  together  fragments  of  the  loose  material,  both 
■angular  and  rouuded.  The  cracks  in  the  chert  are  much  stained 
with  manganese  and  often  the  whole  substance  of  the  rock  ia 
impregnated  with  it,  turning  it  a  black  color.  No  mining  baa 
•been  done  on  this  property  and  the  depth  of  the  ore-bearing 
•deposit  has  not  been  determined.  Similar  ores  are  found  on  the 
Totty  property  to  the  south  of  the  Bruce  lands,  and  in  the  region 
thence  east  to  Polk  Bayou. 

This  area  represents  the  northern  limit  of  the  manganese 
ores  in  the  region  between  Polk  Biyou  and  Sullivan  Creek,  and 
the  ore  deposits  have  already  become  small  and  scattered.  To 
the  north,  the  country  is  mostly  underlain  by  the  sandstones  and 
magnesian  limestones  that  form  the  northern  boundary  of  the 
manganese  area.  Occasionally  outliers  of  Izard  limestone  cap 
small  hills,  but  they  rapidly  grow  fewer  and  soon  disappear 
altogether  to  the  north. 

POLK  BAYOU  BASIN. — Prairie  Oreek  region. 

General  features. — The  waters  of  Prairie  Creek  rise  in  the 
chert  hills  to  tbe  east  and  northeast  of  the  town  of  Cushman  and 
flow  thence  southeast,  emptying  into  Polk  Bayou  less  than  two 
miles  above  the  mouth  of  Sullivan  Creek.  The  region  to  the 
south  of  this  creek  is  a  heavily  chert-capped  area  and  represents 
the  belt  of  chert  barrens  that  borders  the  manganese  region  on  the 
«outh.  It  is  the  northwesterly  continuation  of  the  same  belt  that 
has  been  described  as  crossing  Polk  Bayou  north  of  Batesville. 
In  the  latter  region,  the  bayou  has  cut  down  through  the  chert 
and  exposed  the  underlying  limestone.  In  the  same  way  the 
limestones  crop  out  on  the  northern  escarpment  of  the  highland 
abutting  on  Prairie  Creek,  and  numerous  gullies,  emptying  into 
that  creek,  have  made  inroads  on  the  chert  and  have  exposed  the 
same  beds  for  short  distances  back  from  the  main  valley.     It  is 
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{q  the  neighborhood  of  these  exposures  that  manganese  is  found. 
To  the  north  of  Prairie  Creek,  the  country  is  much  broken  and 
is  largely  composed  of  Izard  limestone  and  the  underlying  sand- 
*stone,  with  numerous  ridges  and  isolated  knobs  of  chert. 

As  will  be  seen  on  the  map,  the  St.  Clair  limestone  is  some- 
times exposed  in  small  areas  both  to  the  north  and  south  of 
Prairie  Creek^  and  in  many  places  where  it  does  not  appear,  it 
doubtless  exists  under  the  concealing  cap  of  chert;  but  the  bed, 
^as  a  whole,  has  been  considerably  decomposed,  and  on  this  fact 
depends  the  existence  of  the  deposits  of  manganese-bearing  clay. 

The  Shaw  tract, — The  Shaw  tract  is  in  14  N.,  7  W.,  section 
11,  thfe  northwest  quarter  of  the  northeast  quarter.  Manganese 
occurs  on  thi3  property  iu  a  red  clay  with  angular  and  rounded 
ohert  fragments.  The  rounded  fragments  disappear  at  a  depth  of 
eight  to  twelve  feet.  The  ore  is  of  the  usual  steel-gray,  crystal- 
line variety.  Several  pits  have  been  sunk,  but  are  now  almost 
entirely  filled  up.  The  surface  is  heavily  covered  with  loose 
*chertand  pebbles,  rendering  the  ore- bearing  clay  invisible,  ez- 
*cept  where  it  has  been  sunk  into. 

The  Brooks  mine. — The  Brooks  mine  is  in  14  N.,  7  W., 
section  10,  the  southeast  quarter  of  the  southeast  quarter;  and  in 
section  15,  the  east  half  of  che  northeast  quarter.  It  is  almost 
all  heavily  capped  with  chert,  the  only  exposures  of  other  rocks 
l>eing  at  the  northwestern  extremity,  where  the  Izard  lime- 
'stone  and  a  small  outcrop  of  St.  Clair  limestone  appear.  The 
property  consists  of  a  rolling,  hilly  area  and  marks  the  northern 
limit  of  the  chert  barrens  to  the  south.  Three  shafts,  thirty-five 
feet,  thirty-six  feet,  and  forty-five  feet  deep,  respectively,  have 
'been  sunk  on  the  property,  and  it  has  been  found  that  beneath  the 
chert,  on  the  slopes  of  the  hills,  the  ore-bearing  clay  occurs  to  a 
considerable  depth.  Several  drifts  have  also  been  made  in  the 
ore  deposit. 

Drift  No.  1  runs  into  the  side  of  a  hill  for  a  hundred  and 
tfifty  feet,  showing  a  stiff,  red  clay  with  angular  chert  and  a 
little  manganese  ore.  Immediately  overlying  the  drift  are  ten 
•to  fifteen  feet  of  chert,  capping  the  hill.  Drift  No.  2  runs  north, 
•under  the  chert,  into   a  deposit  of  dark  chocolate-colored   olay, 
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containing  both  large  masses  of  ore  ("lamp  ore")  aad  innutnerablA- 
small  particles  ("shot  ore").  The  mixture  of  "shot  ore"  witb 
its  associated  clay  is  said  to  contain  thirty-four  per  cent  ot 
metallic  manganese.  A  shaft  Forty'five  feet  deep  was  Bank 
into  this  deposit  without  reaching  the  bottom,  Maases  of  gray 
and  chocolate-brown  St.  Clair  limestone  are  found  in  almost  all 
the  shafts  and  drifts,  and  point  clearly  to  the  origin  of  the  ore 
from  the  decomposition  of  the  limestone  bed. 


HorlunUlKsleMiDCb-SOOIstl.     Verticil  Kkit :  I  Inch— lis  iMt. 

The  accompanying  6gure  shows  the  occurrence  of  the  ore  on 
this  property.  The  shafts  and  drifts  have  proved  the  dip  and 
thickness  of  the  chert  at  several  places  on  the  slopes  uf  either 
hill,  while  in  the  intervening  space  the  thickness  and  dip  as  rep- 
resented in  the  figure  are  imaginary. 

It  will  be  seen  in  the  figure  that  the  ore-bearing  clay  rests 
dirnctly  on  the  irregularly  decayed  surface  of  the  Izard  limestone,, 
and  that  it  is  capped  by  the  chert.  It  will  also  be  observed  that 
the  ore-bearing  clay  contains  numerous  loose  masses  of  both  the 
Bt.  Clair  and  Izard  limestooes.  Originally  the  St.  Clair  lime- 
stone extended  continuously  across  the  ravine  represented  in  the 
figure  and  held  the  intermediate  position,  between  the  Izard 
limestooe  betow  and  the  chert  above,  that  is  now  held  by  the 
clay  with  the  ore  and  loose  rock.  The  only  difiereiice  was 
that  it  and  the  overlying  and  underlying  rocks  were  horizontal 
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or  almost  so,  and  instead  of  there  being  a  ravine  in  the  center  of 
the  property,  the  two  hills  were  connected  on  one  continaoua 
level.  By  the  action  of  percolating  surface  waters,  the  St.  Clair 
limestone  has  decayed,  the  carbonate  of  lime  has  been  carried  off, 
and  the  manganese  ore  and  clay,  which  were  once  scattered 
through  the  rock;  have  remained  in  the  form  of  the  ore-bearing 
clay  as  it  exists  at  present. 

It  will  be  seen  in  the  figure,  that  loose  masses  of  St.  Clair 
limestone  still  exist  in  considerable  quantities  in  the  ore-bearing 
clay,  and  it  is  more  than  probable  that  in  the  hills  on  either 
side  of  the  hollow,  isolated  areas  of  this  rock,  not  represented  in 
the  figure,  may  still  exist  in  situ  above  the  Izard  limestone.  The 
base  of  the  clay  bed,  as  shown  in  the  figure,  is  imaginary,  as 
none  of  the  shafts  have  reached  that  depth,  but  estimating  ita 
position  from  measurements  of  the  position  of  the  Izard  limestone 
in  the  neighborhood,  it  is  approximately  correct.  During  the 
decay  of  the  St.  Clair  limestone,  the  overlying  chert  has  sunk 
down  in  the  hollows  formed  by  the  partial  removal  of  that  rock, 
and  hence  the  ravine  now  seen  between  the  hills  on  either  side 
of  the  figure.  The  chert  exists  in  a  loose,  shattered  condition, 
often  so  much  broken  that  it  forms  simply  a  mass  of  angular 
fragments;  but  in  some  of  the  openings  on  the  slopes  of  the 
hills,  it  can  be  seen  dipping  in  towards  the  hollow,  in  a  manner 
directly  dependent  on  the  subsidence  it  has  undergone.  (See 
pages  193-196.)  A  part  of  the  chert  in  the  hollow  has  doubtless 
rolled  from  the  hillsides,  but  some,  at  least,  of  that  on  the  slopes, 
represents  the  remains  of  the  original  bed  approximately  in 
place,  changed  in  position  only  by  the  amount  of  subsidence 
it  has  undergone.  The  thickness  of  the  remaining  chert  varies 
from  ten  to  over  fifty  feet. 

The  dark  brown  clay  found  in  this  mine  has  been  success- 
fully used  in  St.  Louis  in  the  manufacture  of  artificial  brownstone 
and  colored  bricks,  and  several  car-loads  have  been  shipped 
there  for  those  purposes. 

The    Wkilthorne  tract, — The  Whitthorne   tract  is  in  14  N., 
7  W.,  section  10,  the  southwest  quarter  of  the  northwest  quarter;, 
and  the  northeast  quarter  of  the  southwest  quarter.     It  is  on  a 
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ohert'capped  ridge  that  rUDs  off  from  the  chert  region  about 
Ciishmau  aod  forms  the  divide  between  two  small  forks  af  Prairie 
Creek.  The  cliert  beoomes  thin  towards  the  eastern  end  nf  ihis 
divide,  and  knobs  of  St.  Clair  limesliODe  or  areas  of  manganese- 
bearing  clay  frequently  protrude  through  it.  The  Izard  limestone 
is  seen  below  iu  the  beds  of  both  forks  of  the  creek.  There  is 
-doabtless  a  considerable  thickness  of  8t.  Clair  limestone  here, 
and  the  exiNtence  on  its  surface  of  numerons  basins  of  manganese- 
bearing  clay  proves  that,  in  some  places  at  least,  it  is  highly 
impregnated   with  the   materials  required  to  form  such  dejiosits. 

S£. 


Pigars  10.  Satlim  lhnmg\  a  pUom  Ikt  WMMBnu  Incl  i/anring  Iht  ftrmtUai  </  I*< 
maitfmniie-btaHng  day  by  tht  itcay  tf  llu  31.  Clatr  limtMnnt,  ani  llumalUng  luUidiaet  i/ llH 
■aktrimtluiliipeo/IStMU. 


The  accompanying  figure  is  a  section  through  a  pit  on 
the  Whitthorne  property.  It  is  on  the  northern  slope  of  Ihe 
ridge  and  shows  not  only  the  leaching  of  the  limestone  and 
formation  of  the  clay  as  a  residual  product,  but  also  the  r^loping 
of  the  chert  on  the  edge  of  the  bill  as  the  result  of  the  removal 
of  the  underlying  limestone,  as  explained  in  chapter  VIII.  The 
jagged  edge  of  the  limestone,  on  the  right,  represents  the  partly 
decayed  surface  of  that  rock.  The  clay  is  red  and  chocolate- 
brown  in  color,  and  contains  the  usual  hard,  crystalline  ore  in 
variable  quantities.  As  will  be  seen  in  the  figure,  (he  ore-bearing 
clay  also  overlies  the  limestone  to  the  right,  and  in  this  spot 
the  chert  bed  has  been  entirely  removed,  and  the  clay  is  exposed 
in  a  hollow  on  the  decayed  surface  of  the  limestone. 

Similar  deposits  are  seen  elsewhere  on  the  property,  but 
-only  very  little  work  has  been  done.  The  8t.  Clair  limestone 
in  some  places  crops  out  as  a  dark  chocolate^brown  rock,  highly 
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impregnated  with  manganese^  and  elsewhere,  perhaps  only  a  few 
yards  off,  it  is  of  a  light  gray  color  and  contaiDs  but  little  of 
that  material.  This  is  a  noticeable  instance  of  the  unequal 
distribution  of  manganese  in  the  limestone,  and  serves  to  explain 
the  frequent  occurrence  of  masses  of  the  pure  rock  in  bedn  of 
highly  manganiferous  clay.     (See  pages  187-188). 

The  Blair  tract. — The  Blair  tract  is  in  14  N.,  7  W.,  section. 
9,  the  southeast  quarter.  It  comprises  a  hundred  and  sigcty 
acres  at  the  head  of  one  of  the  forks  of  Prairie  Creek,  and 
three-quarters  of  a  mile  southeast  of  Cushman.  The  ore  occurs 
in  association  with  red  clay,  overlying  the  decayed  slopes  of  the 
Izard  limestone.  A  knob  of  chert  caps  the  hill  and  fragmenta 
of  it  have  rolled  down  and  mixed  with  the  clay.  Thirteen  tons 
of  ore  are  said  to  have  been  shipped,  but  very  little  work  haa 
been  done. 

Other  localities  on  Prairie  Greek, — Besides  the  properties 
already  mentioned,  there  are  many  others  in  the  Prairie  Creek 
region  which  show  manganese  under  conditions  similar  to  those 
described ;  but  little  or  no  work  has  yet  been  done  on  them. 

POLK  BAYOU  BASIN — Northwest  part. 

Oeneral  feoiures. — Continuing  up  the  wett  slope  of  the  Polk 
Bayou  basin,  north  of  Prairie  Creek,  the  country  becomea 
broken  into  small  chert-capped  hills,  with  Izard  limestone 
below  and  the  underlying  sandstone  in  the  creek  beds.  The 
chert  in  this  region  becomes  thin  and,  in  places  is  only  repre- 
sented by  loose  fragments  on  the  tops  of  the  hills.  Ore-bearing 
clay  is  frequently  found  on  the  hills  and  is  generally  mixed  at 
its  surface  with  the  remains  of  the  chert  bed,  or  capped  by  a 
heavier  bed  of  chert  free  from  ore.  Sometimes  the  clay  has  been 
washed  down  over  the  slopes  and  has  collected  in  the  hollows  in 
the  decayed  surface  of  the  limestone.  The  St.  Clair  limestone 
has  been  entirely  decomposed  and  even  fragments  of  it  are  rarely 
seen  in  the  residual  clay. 

The  Pritchett  tract.— The  Pritchett  tract  is  in  15  N.,  7  W., 
section  36,  the  northwest  quarter  of  the  southwest  quarter;  and 
section  35,  the  southeast  quarter  of  the  southeast  quarter.  Man- 
ganese ore,  associated  with  red  clay,  has  been  found  on  this  prop^ 
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erty  overlying  hills  of  Izard  iimestODe.  Frequently  bodies 
of  chert  form  promiaent  knobs  on  the  hills^  and  fragments  of  it 
overlie  the  surface  of  the  ore-bearing  clay  on  the  slopes.  Under- 
neath this  loose  material,  at  a  depth  of  from  two  to  ten  feet,  ore 
has  been  found  in  masses  from  one  to  twelve  inches  or  more  in 
<liaraeter.  It  is  of  the  usual  hard,  black  variety  and  is  generally 
crystalline.  Sometimes  it  occurs  as  a  cement  binding  together 
fragments  of  chert.  Several  small  prospect  pits  which  have  been 
sunk  Hhow  manganese  in  greater  or  less  quantities. 

The  L  N,  Reed  tract. — The  I.  N.  Reed  tract  is  in  16  N., 
7  W.,  section  36^  the  southeast  quarter  of  the  southwc'^t  quarter, 
and  is  a  quarter  of  a  mile  southeast  of  the  Pritchett  tract.  The 
hill  on  which  it  is  situated  is  heavily  capped  with  chert,  but  to 
the  north  it  slopes  off  gently  to  a  hollow  that  separates  it  from 
the  last  named  place.  The  ore-bearing  clay  is  exposed  on  this 
«lope  and  overlies  the  Izard  limestone.  From  here  the  deposit 
runs  south  under  the  chert  that  caps  the  hill.  The  ore  is  of  a 
massive,  black  variety,  and  is  associated  with  red  and  brown  clay 
and  angular  fragments  of  chert.  Several  openings  have  been 
made,  and  two  hundred  tons  of  ore  are  said  to  have  been  mined. 

Other  localities  in  the  northwest  part  of  the  Polk  Bayou  bamn.- 
Deposits  similar  to  those  described  occur  in  several  other  places  in 
15  N.,  7  W.,  section  36,  the  southeast  and  the  southwest  quarters^ 
but  very  little  work  has  been  done  on  them.  Going  north  from 
here,  the  manganese  rapidly  becomes  less  plentiful,  until  it  dis- 
appears altogether  in  the  northern  part  of  the  township.  The 
St.  Clair  limestone  does  not  appear  at  ail,  and  the  Izard  lime- 
stone and  the  chert  also  become  much  less  marked  features  of 
the  country,  finally  occurring  only  as  scattered  outliers  in  the 
aandstone  region  of  the  upper  Polk  Bayou  basin. 


CHAPTER  X. 

THE  BATESVILLE  REGION  OF  ARKAl^SAS— Continued. 

LAFPERTY  CREEK  BASIN. — General  features. 

The  Lafferty  Creek  basio  comprises  the  drainage  area  of 
the  various  forks  of  Lafferty  Creek.  The  name  is  used  here  to 
include  the  western  part  of  the  Batesville  manganese  region,  as 
distinguished  from  the  eastern  part,  or  the  Polk  Bayou  basin. 

The  main  Lafferty  Creek  ia  formed  of  two  forks  known  as 
West  Lafferty  and  East  Lafferty  Creeks.  West  Lafferty  rises 
in  the  southeast  part  of  Izard  county  and  flows  south  ;  East  Laf- 
ferty rises  south  of  Barren  Fork,  in  the  same  county,  and  flows 
southwest.  They  run  together  in  the  northwest  part  of  Inde- 
pendence county,  about  a  mile  above  the  mouth  of  the  main 
creek,  and  flow  thence  into  the  White  River  at  a  point  one  mile 
i>elow  the  line  between  Izard  and  Independence  counties.  Three 
miles  above  the  confluence  of  the  two  creeks,  East  Lafferty  re- 
t5eives  the  waters  of  what  is  known  as  Middle  Lafferty  Creek, 
which  rises  about  two  miles  northwest  of  Barren  Fork.  Num- 
erous other  tributaries  run  into  each  of  the  forks  of  Lafferty 
Creek,  and  among  them  are  the  Turner  Creek  and  Blowing 
Cave  Creek  forks  of  East  Lafferty,  and  many  small  branches  of 
West  Lafferty. 

Ascending  Lafferty  Creek  from  its  mouth,  an  almost  exclus- 
ively chert  area  is  passed  through  until  the  confluence  of  the 
east  and  west  forks  is  reached.  The  rocks  rise  up  in  steep  and 
often  perpendicular  bluffs,  sometimes  reaching  over  a  hundred 
feet  above  the  creek  and  forming  a  rugged  canyon,  swept  period- 
ically by  the  freshets  common  to  this  stream.  The  region 
represents  the  chert  barrens  that  bound  the   manganese  area  on 
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the  south,  and  is  the  northwesterly  extension   of  the  same  belt 
already  described  as  crossing  the  lower  part  ot   the   Polk  Bayou 
basin  and  lying  south  of  Prairie  Creek.     From  LaflFerty  Creek  it 
passes  northwesterly,  crossing  the  White  River  above  and  below 
the  mouth  of  that  stream  and  bearing  off  into  Stone  county. 

Near  the  confluence  of  East  and  West  Lafferty,  the  St.  Clair 
limestone  rises  from  beneath  the  chert  and  is  exposed  in  high 
ledges  on  both  creeks.  Fragments  of  ore  sometimes  occur  on 
the  hillsides,  but  the  protecting  cap  of  chert  on  the  tops  of  the 
hills  is  thick,  and  the  limestone  has  as  yet  been  almost  entirely 
uninfluenced  by  the  disintec^rating  action  of  surface  waters^ 
BO  that  there  are  no  large  accumulations  of  clay  and  ore.  To  the 
north  and  northeast,  however,  the  chert  is  thinner,  more  of  the 
limestone  has  been  decomposed,  and  consequently  there  are  larger 
beds  of  the  ore-bearing  clay.  Farther  up  the  valleys  of  both 
East  and  West  Lafferty,  the  limestone  has  decayed  still  more  and 
the  consequent  accumulations  of  ore- bearing  clay  are  thicker.  The 
chert  also  has  been  affected  and  has  become  thinner,  but  it  pre- 
serves suiBcient  thickness  to  protect  the  underlying  clay  deposit 
from  being  washed  away.  Finally,  as  the  head  waters  of  the 
creek  are  approached,  the  St.  Clair  limestone  has  been  entirely 
decomposed,  and  in  its  place  there  are  large  deposits  of  residual 
clay  and  the  associated  manganese  ore.  Here,  however,  another 
factor  enters  into  the  case:  the  ore  occurs  on  isolated  hills  and 
ridges,  and  the  chert  bed  has  become  thin,  being  often  rep- 
resented only  by  loose  fragments  scattered  over  ttie  surface 
of  the  red  clay.  This  has  exposed  the  ore  bed  to  the  action  of 
the  weather,  which  has  often  carried  off  a  large  part  of  it.  Hence 
one  oi  the  reasons  why,  in  many  places  where  the  chert  has  been 
removed,  there  is  but  little  ore-bearing  clay,  though  the  under- 
lying limestone  may  have  entirely  decayed.*  Sometimes,  how- 
ever, even  where  no  chert  is  left,  considerable  quantities  of  clay 
have  been  saved  in  the  hollows  of  the  Izard  limestone.  Still 
farther  up  the  basins  of  East  and  West  Lafferty  Creeks  these 
isolated  manganese  areas  grow  fewer  and  fewer,  and  finally  dis- 


*An  'ther  reMon  is  that  in  manj  places  the  original  liioevStone  did   not  contain  the  ma- 
terUIs  to  form  an  ore*bearing  bed.    See  pages  18S-18U. 
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appear   altogether   in  the  sandy  region  of  southeastern   Izard 
county. 

The  accompanying  plate  XIV.  represents  a  general  view- 
looking  westward  over  the  Lafierty  Creek  basin  from  the  sunv- 
mit  of  the  high  hill  immediately  north  by  east  from  Cushman.. 
The  view  represents  the  characteristic  topography  of  the  region, 
and  shows  the  undulating  ridges  and  hills  on  which  the  man- 
ganese deposits  occur.  The  high  area  in  the  extreme  back- 
ground is  comprised  in  the  Boston  Mountains,  to  the  west  of  the 
Lafferty  Creek  basin. 

Figure  8,  of  plate  XL,  represents  a  profile  section  across  the 
lower  part  of  the  Lafferty  Creek  basin,  extending  from  Cushman 
in  a  westerly  direction  through  the  Tosh  Hill  and  the  George 
Hill  to  Peuter*s  BluS,  and  across  the  White  River  into  Stone' 
county.  It  will  be  seen  that  in  this  part  of  the  basin,  the  St. 
Clair  limestone  preserves  the  larger  part  of  its  original  thickness, 
and  therefore  the  beds  of  ore-bearing  clay,  which  are  the  results 
of  the  decomposition  of  the  limestone,  are  scattered.  In  some 
places  on  the  divide  between  East  and  West  Liaflerty  Creeks, 
however,  a  considerable  amount  of  decay  has  gone  on,  and  the 
broken  chert  covers  the  beds  of  ore-bearing  clay  that  lie  on  the 
partly  decomposed  surface  of  the  limestone.  This  accounts  for 
the  irregular  contact  line  of  the  St.  Clair  limestone  and  the  chert, 
as  shown  in  the  section.  The  chert  once  overlay  the  limestone  in 
a  regularly  stratified  position,  but  the  decay  and  partial  removal 
of  the  latter  rock,  has  undermined  the  chert  and  has  allowed  it 
to  sink  down  and  fill  the  hollows  thus  formed;  hence  the  in- 
equalities now  seen  at  the  contact  of  the  two  formations. 

It  will  also  be  observed  that  both  the  St.  Clair  and  Izard' 
limestones,  when  not  decayed,  are  thicker  in  the  wester^  part  of 
the  section  than  in  the  eastern  part,  and  both  may  be  said  to 
reach  in  Penter's  Bluff  the  maximum  development  that  has  been, 
observed  in  the  region.     (See  pages  125  and  172.) 

LAFFERTY  CREEK  BASIN. — Eost  LaffcHy  Greek  region. 

The  A.  G.  Pitman  tract, — The  A.  G.  Pitman  tract  is  in  14' 
N.,  8  W.,  section  14,  the  north  half  of  the  northeast  quarter^ 

17  Geological;  Vol.  i.,  1890. 
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just  above  the  coDfluence  of  East  and  West  Laflferty  Creeks^ 
The  St.  Clair  limestone  has  suffered  but  little  decomposition  here, 
and  only  a  few  scattered  areas  of  red  clay  and  maogsnese  ore 
occur  on  its  decayed  surface.  The  ore  is  often  in  the  form  of 
small,  flat,  black  concretions,  known  as  "button  ore."  No  work 
has  been  done  and  the  ore  is  only  seen  on  the  surface. 

Local  features, — Northeast  of  the  last  tract,  up  the  east  side 
of  East  Lafierty  Creek,  the  St,  Clair  limestone  is  exposed 
almost  continuously  to  the  mouth  of  Blowing  Cave  Creek 
Sometimes  it  is  cut  by  deep  hollows,  that  head  in  the  chert 
areu  to  the  east  and  empty  their  waters  into  the  main  creek 
below.  The  country  is  heavily  capped  with  chert  and  but  little 
mining  has  been  done.  The  limestone  shows  signs  of  consider- 
able decomposition,  however,  and,  by  intelligent  prospecting 
manganese  might  be  found  in  various  places. 

The  Tosh  Bill.— The  Tosh  Hill  is  in  14  N.,  8  W.,  section 
12.  It  is  near  the  confluence  of  East  Laff^erty  and  Blowing 
Oave  Creeks,  and  rises  three  hundred  and  sixty  feet  above  those 
streams.  Small  areas  of  manganese-bearing  clay  occur  at  this 
locality,  but  the  St.  Clair  limestone  retains  almost  its  whole 
thickness,  and  consequently  the  deposits  are  limited  in  extent. 
On  the  slopes  of  the  hill,  however,  the  rocks  have  undergone 
some  decomposition,  and  several  small  prospect  openings  have 
shown  the  presence  of  ore  under  the  loose  chert  that  covers  the 
hillsides. 

LAFFERTY  CREEK  BASIN. — Blowing  Cave  Creek  region. 

General  features. — Blowing  Cave  Creek  rises  in  Blowing 
Cave,  a  mile  west  of  Cushman,  and  flows  west  into  EastLafferty 
Creek.  A  little  over  a  mile  from  its  source,  it  receives  the 
waters  of  Phelps  Spring  Branch,  which  rises  a  mile  northeast 
of  Blowing  Cave.  Both  creeks  head  in  the  limestone  on  the 
slopes  of  the  rugged  chert  region  that  surrounds  Cushman,  while 
below  their  head  waters,  on  the  southern  side  of  their  drainage 
basin,  the  St.  Clair  and  Izard  limestones  are  exposed  in  steep 
bluffs,  underlain  by  the  saccharoidal  sandstone  and  capped  by  a 
variable  amount  of  chert.     In   some  places  the  chert   bed  has 
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been  entirely  removed  and  the  St.  Clair  limestone  is  exposed  on 
the  surface,  while  in  other  places,  though  much  shattered  and 
broken,  it  still  retains  a  considerable  thickness.  The  general 
character  of  this  region  is  shown  in  the  section  in  figure  3,  of  plate 
XI.  The  part  of  the  section  from  Cushman  to  the  Tosh  Hill 
passes  along  the  summits  or  upper  slopes  of  the  hills  immediately 
south  of  Blowing  Cave  Creek. 

ITie  H.  Hightower  tract. — The  H.  Hightower  tract  is  in  14 
a.y  7  W.,  section  18,  the  northeast  quarter  of  the  northwest 
quarter,  over  a  mile  south  of  east  from  the  western  slope  of 
the  Tosh  Hill,  and  on  the  summit  of  the  same  chert-covered 
highland  of  which  the  Tosh  Hillformsa  part.  Here  the  chert  has 
been  removed  from  a  small  area  and  the  manganese-bearing 
olay  has  been  exposed  on  the  surfa($e.  The  ore  is  of  a  soft,  black 
variety  and  is  associated  with  a  red  clay  containing  loose  chert 
fragments  in  its  upper  part.  Numerous  large  masses  of  St.  Clair 
limestone  are  found  in  the  clay,  and,  though  that  rock  is  not  seen 
in  place,  it  doubtless  underlies  the  clay  in  considerable  thickness; 
while  the  ore  deposit  represents  the  residue  from  the  decompo- 
sition of  its  surface.  A  tew  small  prospect  pits  have  been  dug 
on  this  tract,  but  the  depth  of  the  deposit  has  not  been  tested. 

The  Meeker  tract. — The  Meeker  tract  is  in  14  N.,  7  W., 
section  8,  the  west  half  of  the  southeast  quarter;  the  east  half  of 
the  southwest  quarter;  and  the  southwest  quarter  of  the  south- 
west quarter.  It  is  at  the  head  of  the  hollow  in  which  Blowing 
Cave  is  situated,  and  in  places  is  heavily  capped  with  chert, 
while  loose  fragments  of  the  same  rock  cover  the  slopes.  Several 
small  pits  have  been  sunk  through  this  loose  material  at  the  base 
of  the  main  chert  bed,  and  prove  the  presence  of  manganese 
ore.  It  is  associated  with  red  clay  and  lies  in  holes  and  basins 
on  the  slope  of  the  St.  Clair  limestone.  The  clay  bed,  where 
seen,  varies  from  three  to  eight  feet  in  depth,  but  it  is  probably 
thicker  in  some  places. 

At  this  locality  the  St.  Clair  limestone  is  in  its  initial  stage 
of  decomposition.  A  larger  part  of  the  bed  still  remains,  and 
therefore  the  deposits  of  ore-bearing  clay  will  probably  be  found 
to  be  somewhat  scattered ;  but  the  surface  of  the  rock  has  already 
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been  considerably  affected,  and  the  clay  and  ore  may  be  expected^ 
in  many  places,  to  iill  hollows  of  considerable  depth  in  the  rock» 

LAPPERTY  CREEK  BASIN. —  Turner  Creek  region. 

Oeneral  features, — In  the  Turner  Creek  basin,  which  He» 
north  of  the  Blowing  Cave  Creek  drainage,  the  country  haa 
undergone  a  great  change:  the  St.  Clair  limestone  no  longer  * 
exists  in  the  high  ledges  seen  in  the  latter  area,  but  has  been 
mostly  leached  away,  and  large  deposits  of  manganese-bearing 
clay  have  collected  under  a  heavy  capping  of  chert. 

Turner  Creek  rises  in  the  chert-capped  hills  two  miles  north- 
east of  Cushman  and  flows  west  into  Lafferty  Creek.  The  St. 
Clair  limestone  is  occasionally  exposed  in  small  outcrops  near  its 
head  waters,  and  much  larger  bodies  are  doubtless  concealed  under 
the  chert  that  covers  the  tops  and  slopes  of  the  hills ;  but  the  rock 
has  undergone  a  large  amount  of  decay,  and,  on  the  lower  part  of 
the  creek  it  has  been  entirely  decomposed.  The  region  represents 
the  northern  limit,  in  the  East  Lifferty  basin,  of  the  St.  Clair 
limestone,  though  formerly  this  rook  extended  farther  to  the 
north,  as  is  shown  by  the  presence  in  that  direction  of  the  ore-^ 
bearing  clay. 

Many  of  the  best  known  properties  in  the  Batesville  mangan- 
ese region  are  situated  in  the  Turner  Creek  drainage.  Among 
them  are  the  Southern  mine,  the  Turner  mine,  the  Wren  mine,, 
the  Lapham  mine,  the  Polk  Southerd  tract,  and  numerous  other 
properties. 

The  Southern  mine;  the  ore  deposit. — The  Southern  mine  is  in 
14  N,,  7  W.,  section  4,  the  northwest  quarter  of  the  southeast 
quarter,  and  belongs  to  the  Keystone  Manganese  and  Iron 
Company.  It  is  three-quarters  of  a  mile  north  of  Cushman^ 
on  the  summit  of  the  chert-covered  divide  between  the  Polk 
Bayou  and  Lafferty  Creek  basins.  The  property  consists  of  a 
hill  rising:  over  five  hundred  feet  above  the  White  River  at 
Batesville,  and  comprises  a  part  of  the  northern  limit  of  the 
chert  region,  which,  as  will  be  seen  on  the  map,  extends  contin- 
uously from  two  miles  north  of  Batesville  to  the  head  waters  of 
Turner  Creek.  The  chert  still  exists  to  the  north  of  this  belt^ 
but  it  is  in  isolated  hills  and  ridges. 
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The  Southern  mine  wa8  first  worked  by  E.  H.  Woodward 
and  Company,  between  1881  and  1885,  during  which  time  2,500 
to  3,000  tons  of  ore  are  said  to  have  been  mined.  In  October, 
1885,  the  Keystone  Manganese  and  Iron  Company  began  work 
on  it,  and  from  that  time  until  December  31,  1890,  they  pro- 
duced 14,489  tons  of  ore,  making  a  total  output,  since  the  first 
opening  of  the  mine,  of  from  16,989  to  17,489  tons*  This  pro- 
duction probably  represents  over  half  the  total  output  of  the 
etate. 

The  Southern  Hill,  on  which  the  mine  is  situated,  is  capped 
on  its  summit  by  a  bed  of  chert  varying  from  twenty  to  sixty 
feet  in  thickness,  and  below  this  is  the  ore-bearing  clay.  The 
St.  Clair  limestone,  which  once  occupied  the  position  of  the  clay, 
has  mostly  decayed,  and  is  now  found  in  loose  masses,  known 
as  "gray  rock,''  in  the  clay.  It  is  probable,  however,  that 
areas  of  it  still  exist  in  situ  at  the  base  of  the  clay  and 
above  the  Izard  limestone.  The  chert  is  greatly  disturbed 
and  dips  at  various  angle^^  from  almost  horizontal  to  almost 
vertical,  and  is  much  faulted,  jointed,  and  shattered  throughout. 
The  loose  fragments  of  it  are  frequently  much  stained  with 
manganese  on  the  outside,  and  numerous  thin,  black,  films 
penetrate  the  cracks  of  the  whole  bed.  The  disturbance  of  the 
chert  has  not  been  caused  by  an  upheaval,  as  is  generally 
supposed,  but  by  a  directly  opposite  action,  that  is,  by 
the  subsidence  of  the  bed  as  a  result  of  the  decay  and  partial 
removal  of  the  St.  Clair  limestone  that  once  underlay  it,  as 
explained  in  chapter  VIII.  The  existence  of  manganese-bearing 
clay  is  directly  dependent  on  this  decay  of  the  St.  Clair  lime- 
stone, and  therefore  the  breaking  up  of  the  chert  bed  is  a  proof 
of  the  presence  of  the  ore  and  clay,  supposing,  of  course,  that 
the  original  rock  contained  the  materials  for  such  a  deposit. 
These  facts  have  been  fully  discussed  in  chapter  VIII.,  and  do 
not  need  further  mention  here. 

The  ore  found  on  this  property  occurs  in  loose  masses 
varying  greatly  in  .siz'^,  from  the  small  variety  known  as  '*wash 
dirt"  to  large  masses  weighing  several  tons.  It  is  of  a  black 
color,  has  a    bright    lustre  inside,  and  is  generally  of  a  crystal- 
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line  structure.  It  often  contains  transparent,  rbombohedral 
crystals  of  calcite,  or  encloses  cavities  coated  or  partly  filled  with 
red  or  yellow  clay.  The  cavities  probably  represent  spaces 
formerly  occupied  by  the  calcite,  which  has  since  decomposed 
and  left  the  clay  as  a  residue. 

The  quality  of  the  ore,  as  determined  by  car-load  shipments, 
varies  within  certain  limits :  the  percentage  of  manganese  ranges 
from  45  per  cent  to  over  56  per  cent;  the  iron  from  1  per  cent  to  H 
per  cent;  the  silica  from  2  per  cent  to  6  per  cent;  the  phosphorus 
from  0.16  per  cent  to  over  0.20  per  cent;  moisture  from  2  per 
cent  to  7  per  cent.  Large  quantities  of  ore  are  at  present 
being  shipped  which  contain  less  than  0.2  per  cent  of  pho^phorus^ 

The  following  analyses  represent  the  composition  of  ore 
from  this  property.  The  first  five  analyses  were  made  under 
the  direction  of  the  Keystone  Manganese  and  Iron  Company  and 
were  accepted  by  the  Illinois  Steel  Company,  the  purchasers  of 
the  ore.  The  sixth  analysis  was  made  by  Carnegie  Brothers 
and  Company,  Pennsylvania. 

Analyses  of  manganese  ore  from  the  Southern  mine. 


No. 


Mangan- 
ese. 


Iron. 


Silica. 


Phwpho- 
ruii. 


Moisture. 


1 
2 
3 
4 

5 

€ 


58.12 

2.30 

2.75 

0.165 

51.82 

8.40 

2.50 

0.193 

50.7i 

4.27 

8.52 

0.184 

4f.78 

2.15 

8.10 

0.166 

51.77 

2.88 

8.18 

0.128 

49.60 

8.84 

4.79 

0.1  S4 

4.40 
5.10 
5.40 
.  7.28 
1.68 
8.88 


Judging  from  the  surface  indications  on  the  Southern 
Hill,  it  would  be  expected  that  not  only  ha^l  the  St.  Clair 
limestone  been  largely  decomposed,  but  also  that  a  considerable 
thickness  of  clay  existed  under  the  chert,  an<]  contained  ore  in 
bodies  of  greater  or  less  size.  Such  has  been  proved  to  be  the 
case  by  a  large  number  of  shafts,  varying  in  depth  from  twenty 
to  eighty-five  feet,  which  have  been  sunk  in  different  places  on 
the  hill.     Many  of  the  shafts  have  met  loose  masses  of  St.  Clair 
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limestone  in  the  clay,  and  some  have  stopped  on  large  bodies  of 
the  same  rook.  In  the  latter  case  the  rock  may  either  represent 
loose  masses  or  else  peaks  of  the  St.  Clair  limestone  rising  up 
from  an  undecom posed  area  of  that  formation  below;  and  it  is- 
doubtful  if  any  of  the  shafts  have  yet  reached  the  maximum 
depth  of  the  clay,     (See  pages  202-203.) 

The  Izard  limestone,  which  belongs  in  a  position  immedi- 
ately below  tbe  St.  Clair  limestone,  is  seen  at  the  foot  of  the  hill  f 
and  from  measurements  made  it  is  probable  that  in  some  places 
this  rock,  and  in  others  a  remnant  of  the  St.  Clair  limestone,  will 
be  found  to  form  the  floor  on  which  the  clay  lies  at  a  8epth  of 
about  a  hundred  feet  from  the  highest  part  of  the  hill.  Tbe  clay 
may  even  be  found  to  run  down  into  holes  and  basins  in  the 
limestone,  and  thus  acquire  a  greater  local  thickness.  The 
chert  comprises  the  upper  twenty  to  over  sixty  feet  of  thi& 
depth,  leaving  a  probable  thickness  for  the  clay  of  from  twenty  to- 
eighty  feet.  The  latter  thickness  is  exceptional,  and  points  to  the 
fact  that  the  St.  Clair  limestone,  from  which  the  ore-bearing  clay 
was  derived,  was  heavily  charged  with  materials  to  form  such 
a  deposit. 

The  accompanying  drawing  from  a  photograph  show* 
a  large  open  cut  in  the  western  side  of  the  Southern HilL 
The  photograph  was  taken  from  a  hill  to  the  west  of  the  pit 
and  represents  a  view  looking  across  a  ravine.  The  banks* 
occupying  the  central  part  of  the  drawing,  where  the  men* 
are  standing,  are  composed  of  the  clay  taken  out  of  the  pit 
in  the  background  and  dumped  on  the  hillside. '  The  upper 
parts  of  the  opening,  occupying  the  extreme  background  of 
the  figure,  are  composed  of  chert,  and  show  the  broken 
condition  of  that  formation.  Below  the  chert  is  the 
ore-bearing  clay,  from  which  the  dump  in  the  center  of  the 
drawing  was  taken. 

The  clay  that  contains  the  ore  at  the  Southern  mine  ia 
a  stiff,  red,  brown,  or  almost  black  material,  frequently  con- 
taining many  joints.  The  joints  are  due  to  the  gradual 
sinking  of  the  clay  bed  as  it  was  formed  from  the  limestone, 
and  their  faces  are    deeply  grooved  by  slickensides,  caused 
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'by  the  movement  of  one  part  of  the  clay  against  the  other. 
The  apper  part  of  the  clay  contains  fragments  of 
chert,  and  the  main  chert  bed  itself  often  protrudes  into  it  iu 
angular  ''reefs.'*  The  clay  bed  is  of  a  bright  red  color  in 
its  upper  part,  but  below,  it  contains  darker  layers  known  as 
"''black  joint.*'  The  ore,  so  far,  has  been  mined  only  in  the 
upper  clay,  and,  until  lately,  no  work  had  been  done  in  the 
•"black  joint."  The  color  of  this  dark  bed  is  due  to  mangan- 
*ese,  and  it  is  not  impossible  that  further  exploration  may  prove 
'the  existence  in  it  of  workable  bodies  of  ore.  The  difier- 
*ence  in  the  colors  of  the  clay  is  entirely  due  to  the  difierence 
4n  character  of  the  insoluble  material  in  the  original  limestone; 
^nd  there  is  no  reason  why  the  ore  should  not  be  found 
in  the  dark  colored  clay,  though  a  practical  test  will 
be  needed  to  demonstrate  its  presence  or  absence  in  work- 
able quantities. 

The  manganese  occurs  in  the  clay  in  the  form  of  poek- 
ets,  varying  greatly  in  the  amount  of  ore  they  contain.  In 
some  places  only  a  few  tons  are  found,  while  from  others 
five  hundred  tons  or  more  have  been  taken.  The  pockets 
usually  lie  in  the  clay  almost  immediately  under  the  chert ; 
and  this  fact  would  suggest  that  the  ore  on  this  property 
originally  occurred  near  the  top  of  the  St.  Clair  limestone. 

The  ore  is  often  found,  as  it  is  expressed,  "bearing  off 
from  the  steeply  dipping  chert."  This  can  be  explained  in  the 
following  manner:  the  base  of  the  chert  penetrates  the 
upper  part  of  the  clay  bed  in  a  very  irregular  manner,  now 
•running  down  into  it  for  many  feet,  now  receding,  and  often 
piercing  a  pocket  of  ore.  In  the  process  of  mining  such  a 
pocket,  the  ore  of  course  ends  abruptly  where  the  chert  cuts 
•through  it,  but  on  the  other  side  of  the  chert  "reef,  the  con- 
tinuation of  the  pocket  may  be  found,  unless  indeed  the 
•chert  penetrates  the  clay  at  the  end  of  the  pocket,  leaving  all 
of  the  ore  on  one  side. 

In  sinking  shafts  through  the  chert  on  this  property, 
there  is  frequently  found,  just  before  the  ore-bearing  clay  is 
reached,  a  yellow  or  brown  siliceous    material    of  a  dry. 


THE  BATESVILLB  REGION  OF  ARKANSAS.  285 

earthy  appearance  and  from  six  inches  to  three  feet  in 
thickness,  locally  known  as  '^ochre.'^  This  is  considered  a 
good  indication  that  the  ore-bearing  clay  is  near,  for  the 
**ochre*'  occurs  at  the  base  of  the  chert,  and  clay  containing 
e  greater  or  less  quantity  of  ore  occurs  almost  immediately 
under  the  chert. 

Immediately  below  the  ore  at  the  Southern  mine,  the 
shafts  frequently  come  on  to  a  deposit  of  sand  or  sandy  clay, 
ranging  in  thickness  from  four  to  twenty  feet,  and  averaging 
probably  eight  feet.  These  deposits  are  called  ''sand  bars,'' 
and  vary  from  a  loose,  soft  bed  to  a  more  compact  and  mas- 
sive material.  They  probably  represent  the  partly  disinte- 
grated remains  of  one  of  the  sandstone  beds  existing  in  the 
St.  Clair  limestone  beforeit  was  decomposed  and  reduced  to 
residual  clay  (see  pages  169  -  170).  It  is  generally  found 
that,  in  sinking  through  the  sandy  stratum,  a  body  of  St, 
Clair  limestone  is  struck,  and  therefore  the  shafts  usually 
fitop  when  the  sandy  deposits  are  met.  Between  the  lime- 
stone and  the  sand,  there  is  very  often  a  layer  of  dark  brown 
or  black  clay,  of  the  same  character  as  the  ''black  joint' 
described  above,  and  varying  from  a  few  inches  to  several 
feet  in  thickness.  It  represents  the  decomposition  product 
of  the  surface  of  the  mass  of  limestone,  and  has  originated 
in  a  manner  similar  to  the  rest  of  the  clay  in  the  ore-bearing 
•deposit. 

The  mode  of  derivation  of  the  ore  deposit  at  the  South- 
ern mine  and  the  dependence  of  the  profitable  development 
of  the  property  on  a  knowledge  of  this  mode  of  derivation, 
are  discussed  in  chapter  VIII.,  pages  199-203.  The  principal 
features  may  be  summarized  here: 

The  ore  once  occurred  in  the  upper  part  of  the  formation 
known  as  the  St.  Clair  limestone  ("gray  rock").  This 
formation  was  more  than  a  hundred  feet  in  thickness  and 
was  overlain  by  probably  a  greater  thickness  of  chert.  It 
was  underlain  by  the  bed  of  blue  limestone  (Izard  limestone) 
which  is  now  exposed  at  the  base  of  th«  hill.  Under  the  de- 
•composing  action  of  surface  waters  sinking  through  the  bed, 
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the  St.  Clair  limestone  has  safiered  extensive  decomposition^ 
The  clay  has  come  from  this  decay  of  the  limestone  and 
represents  the  insoluble  parts  of  that  rock.  The  ore  that 
was  originally  in  the  limestone  is  now  imbedded  in  the  clay. 
The  chert  that  overlay  the  original  limestone  decayed  lesa 
easily  than  the  latter,  and,  therefore,  a  considerable  part  of 
it  still  remains.  The  chert  has  been  mnch  broken  and 
shattered,  however,  because  it  has  been  undermined  and 
gradually  let  down  as  the  underlying  limestone  decayed. 
This  shattering  allowed  the  free  percolation  of  surface  waters, 
and  consequently  the  more  rapid  decomposition  of  the  lime- 
stone that  remained,  than  would  otherwise  have  been  the  case; 
yet  the  chert  covering  has  retained  sufficient  thickness  to 
effectually  prevent  the  ore-bearing  clay  from  being  carried 
away  by  surface  erosion.* 

The  Southern  Hill  represents  an  isolated  area  of  almost  com- 
plete decay  of  the  St.  Clairlimestone,  surrounded  by  areas  of  the^ 
same  rock  which  have  undergone  much  less  decay,  and  in  some 
places  preserve  almost  their  full  thickness.  To  the  northeast,, 
east,  and  southeast  of  the  mine,  the  rock  is  exposed  in  several 
places  on  the  divide  between  the  waters  of  the  Polk  Bayou  and 
Lafferty  Creek  basins,  especially  around  the  head  waters  of 
Prairie  Creek.  To  the  southwest  and  west  it  crops  out  in  almost 
its  whole  thickness  at,  and  in  the  vicinity  of  Phelps  Spring. 

Figure  1,  of  plate  XI.,  is  a  profile  section  from  the  Grubb 
Cut,  immediately  northeast  of  the  Southern  mine  property,  to 
Phelps  Spring,  half  a  mile  north  of  Cushman.  The  section 
runs  from  northeast  to  southwest  and  represents  a  distance  of 
about  three-quarters  of  a  mile.  It  will  be  seen  that  at  Phelps 
Spring  the  St.  Clair  limestone  is  in  almost  its  full  thickness,, 
having  decayed  only  slightly  in  its  upper  part  and  on  the  exposed 
slopes.  Small  deposits  of  ore-bearing  clay  have  collected,  as  a 
result  of  this  initial  decay,  in  hollows  in  the  limestone;  and,  in 
some  places,  the  broken  chert  has  been  let  down  over  the  deposits,^ 
while  in  other  places,  as  in  the  face  of  the  hill  overlooking  the 


^  Sections  of  shafts  at  the  Southern  mine  are  given  in  plate  X.,  chapter  VIII. 
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spring,  the  clay  is  exposed  without  this  protecting  cover.  Several 
pits  have  been  sunk  in  ttie  face  of  the  hill  and  back  on  the  ridge> 
but  the  deposits  have  been  found  to  be  of  limited  extent;  yet^ 
less  than  a  mile  to  the  northeast,  at  the  Southern  mine,  the  lime- 
stone has  undergone  a  great  amount  of  decay,  and  the  resulting^ 
large  deposits  of  ore-bearing  clay  are  found.  Still  farther  to  the 
northeast,  the  St.  Clair  limestone  again  appears  in  considerable 
thickness,  as  shown  in  the  right-hand  end  of  the  section ;  while 
beyond,  in  the  same  direction,  there  is  an  area  of  complete 
decay,  which  includes  the  region  of  the  Turner  mine,  the  Polk 
Southerd  tract,  and  the  Wren  mine.* 

Between  the  Phelps  Spring  and4he  Southern  mine,  there  is 
an  area  of  hills  heavily  covered  with  chert.  In  some  places  these 
run  out  in  high  ridges,  in  which  the  St.  Clair  limestone  doubtless 
exists  in  considerable  thickneus  under  the  chert  covering,  while 
elsewhere  they  sink  to  much  lower  ridges  and  knobs,  such  as  are 
represented  in  the  section.  As  nothing  can  be  seen  but  an 
unbroken  chert  area  in  this  intermediate  distance,  the  interior  of 
the  hills,  where  either  the  remnant  of  the  St.  Clair  limestone  or 
its  residual  clay  should  be,  is  left  vacant  in  the  section.  Judg- 
ing from  the  elevation  of  the  lower  hills,  however,  the  limestone 
must  not  only  have  largely  decayed,  but  the  thickness  of  the 
clay  must  be  less  than  in  the  Southern  Hill,  otherwise  the  chert 
would  not  have  sunk  as  low  as  it  has.  Many  of  the  ravines  in 
this  area  are  doubtless  hollows  of  erosion,  partly  filled  with  loose 
chert  from  the  hilltops. 

The  Southern  mine;  mining  and  preparation  of  the  ore, — 
The  method  of  mining  on  the  Southern  Hill  consists  of  a  series 
of  shafts  with  lateral  drifts  at  desirable  points.  No  machinery 
is  used  either  in  sinking  or  tunneling.  Hoisting  is  done  by 
hand  windlasses  or  by  '* whips"  worked  by  horses.  Blasfing  is 
not  always  employed  even  in  the  chert,  as  that  bed  is  so  much 
shattered  that  shafts  can  sometimes  be  sunk  through  it  with 
pick  and  shovel  alone,  but  the  u«e  of  dynamite  is  often  necessary. 


<"  The  probable  causeH  of  this  unequal  decay  in  the  limestone  have  already  been  ex* 
plained  in  chapter  VIII.,  pages  178-170,  to  which  the  reader  is  referred  for  further  details. 
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The  clay  also  can  be  worked  with  pick  and  shovel,  but  the  em- 
ployment of  dynamite  often  hastens  the  work  in  loosening  the 
bed  and  the  masses  of  ore.  Timbering  is>  generally  nece<«sary^  as 
the  looseness  of  the  chert  bed  and  the  tendency  of  the  clay  to  cave 
in,  render  an  unprotected  shaft  dangerous.  The  shafts  are  small 
and  the  timbering  is  cheaply  done  with  roughly  split  logs, 
frequently  in  wet  weather  the  shafts  are  flooded  with  surface 
"water,  causing  considerable  expense  and  loss  of  time,  but  in  fair 
weather  few  such  difficulties  are  experienced. 

The  principle  of  work  is  to  sink  a  shaft  as  cheaply  as 
possible  until  a  pocket  of  the  ore  is  reached.  After  passing  to  the 
base  of  the  ore,  drifts  are  run  out  in  various  directions  and  the 
whole  pocket  removed.  If,  in  drifting  and  sinking  still  farther, 
no  more  ore  is  found  in  the  clay,  the  shaft  is  abandoned  and  a 
new  one  sunk  elsewhere.  The  distribution  of  the  pockets  of  ore 
is  very  irregular:  sometimes  they  are  separated  laterally  by 
several  hundred  feet  of  barren  clay,  and  at  other  times  they  come 
almost  in  contact  with  each  other.  Experience  is  said  to  show 
that,  as  a  result  of  this  irregularity,  the  small  shaft  system  is  the 
t^heapest,  and  that  it  pays  better  to  sink  a  large  number  of  small 
shafts  than  to  drift  aimlessly  around  underground  in  quest  of  a 
new  pocket  of  ore.  Many  shafts  have  been  sunk  in  search  of 
such  pockets,  and  a  large  number  of  them  have  been  successful. 

The  method  of  mining  by  a  large  open  cut  has  been  tried  at 
the  Southern  mine,  but  it  proved  a  failure  on  account  of  the 
expense  of  removing  the  heavy  capping  of  chert.  Elsewhere  in 
the  region,  however,  where  the  chert  is  thinner,  the  open  cut 
method  can  be  advantageously  employed,  as  will  be  explained 
in  chapter  XI. 

After  the  ore  has  been  mined,  the  larger  masses  are  sepa- 
rated from  the  clay  by  hand  and  shipped  without  further  prepara- 
tion. This  is  known  as  "lump  ore  ^'  The  smaller  ore  and  its 
associated  clay,  known  as  "wash  dirt",  contain  from  ten  to  twenty- 
five  per  cent  of  ore.  The  material  is  carted  to  a  large  receiving 
bin  and  thence  carried  on  an  inclined  tramway  to  the  washer, 
which  is  of  the  kind  often  used  for  iron  ores.  The  manganese 
is  first  dumped  into  a  long  trough  filled  with  running  water.     A 
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central  shaft,  armed  with  flanges  arranged  in  the  shape  of  a 
broken  helix,  revolves  lengthwise  in  the  trough,  and  gradually 
forces  the  ore  to  the  other  end.  At  the  same  time  the  beating 
and  washing  that  the  ore  receives,  frees  it  from  most  of  the  ad- 
hering clay.  At  the  end  of  the  trough  the  ore  passes  over  a 
screen,  and  the  larger  pieces  are  taken  up  on  an  apron-belt  and 
carried  to  the  ore  bin.  A  man  stands  by  the  apron  to  pick  out 
the  masses  of  rock  and  hard  clay  that  are  mixed  with  the  ore^ 
The  ore  that  has  passed  through  the  screen  is  then  sized  by 
other  screens  and  passed  into  jigs,  where  it  is  separated  from  the^ 
intermixed  fragments  of  chert  and  from  the  clay  that  still  ad- 
heres to  it. 

The  most  troublesome  question  at  the  Southern  mine  haa 
been  that  of  the  water  supply.  The  elevated  position  of  the 
property  readers  it  necessary  to  get  water  either  by  pampinjf 
from  one  of  the  streams  in  the  lower  country  or  by  boring  a  welK 
A  small  spring  rises  on  the  slope  of  the  hill,  but  its  discharge 
is  small.  In  1887  and  1888  a  well*  was  bored  to  a  depth  of 
two  thousand  and  forty  feet;  and,  though  a  large  supply  was  not 
obtained,  the  water  from  it,  with  that.saved  from  the  spring  by 
means  of  a  dam,  is  now  utilized  to  wash  all  the  ''ore  dirt''  that 
is  mined.  It  is  necessary,  however,  to  be  economical  in  the  use  of 
the  water. 

The  ore  is  hauled  in  wagons  to  Cushman,  and  shipped  thence 
to  its  destination  by  way  of  the  St.  Louis,  Iron  Mountain  and 
Southern  Railway.  It  is  consumed  principally  by  the  Illinoia 
Steel  Company,  of  Chicago. 

The  Phelps  tract, — The  Phelps  tract  is  in  14  N.,  7  W.,  sec- 
tion 4,  the  southwest  quarter.  It  belongs  to  the  Keystone  Man- 
ganese and  Iron  Company  and  is  less  than  a  mile  southwest  of 
*  the  Southern  Hill.  It  lies  immediately  north  and  east  of  Phelpa 
Spring,  and  the  character  of  the  property,  as  well  as  its  relation 
to  the  Southern  Hill,  is  shown  in  the  section  in  figure  1,  plate  XI^ 
At  the  latter  place  the  amount  of  decomposition  that  has  gone 
on  in  the  St.  Clair  limestone  is  large,  and  therefore  the  quantity 
of  ore-bearing  clay  is  large;  but  this  decay  is  very  irregular  in  its 

<■  A  section  of  the  rocks  passed  throoffh  in  this  well-boring  is  given  on  page  118. 
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extent,  aud  tbe  Southern  Hill  is  simply  a  local  development  of  it' 
ft  will  be  seen  by  the  section  that  in  the  hill  immediately  north- 
east of  Phelps  Spring;,  which  is  comprised  in  the  Phelps  tract, 
the  St.  Clair  limestone  exists  in  almost  its  original  thickness,  so 
that  no  large  deposits  of  ore-bearing  clay  are  to  be  expected. 

On  the  sides  of  the  ravines  and  hollows,  local  deposits  of 
limited  extent  have  doubtless  been  formed,  and  from  these  var- 
iable quantities  of  ore  might  be  taken,  but  no  such  bed  as  that  at 
the  Southern  Hill  will  be  found.  Several  small  pits  have  been 
€unk,  in  some  of  which  ore  has   been  discovered. 

The  MaU.  Martin  tract. — This  part  of  the  Martin  property  is 
in  14  N.,  7  W.,  section  8,  the  northeast  quarter  of  the  northeast 
quarter,  and  adjoins  the  Phelps  tract  on  the  southwest.  It  is 
heavily  capped  with  chert,  and  loose  fragments  of  that  rock  cover 
the  slopes.  No  mining  has  been  done  on  the  property,  but  oc- 
casionally large  masses  of  ore  are  mixed  with  the  loose  chert  on 
the  hillsides.  These  ore  masses  are  generally  flat,  as  would  be 
expected  from  their  mode  of  derivation  from  lenticular  layers  in 
the  St.  Clair  limestone.  The  hill  on  which  the  property  is  sit- 
uated is  much  lower  than  the  Phelps  tract,  and  it  is  probable  that 
the  limestone  beneath  the  chert  has  undergone  a  large  amount  of 
decomposition. 

The  presence  of  fragments  of  ore  on  the  slopes  of  the  hill 
proves  that  the  original  limestone  contained  manganese;  the 
nature  of  the  hill  leads  to  the  belief  that  a  large  part  of  the  lime- 
stone has  decayed;  hence,  as  the  presence  of  the  manganese  de- 
pends on  these  two  conditions,  there  is  a  possibility  of  their  be- 
ing considerable  quantities  of  ore  on  this  tract.* 

The  Qrubb  O^^— The  Grubb  Cut  is  in  14  N.,  7  W,,  section 
4,  the  southwest  quarter  of  the  northeast  quarter.     It  adjoins  the 
Southern  mine  and  is  the  property  of  the  St.  Louis  Manganese  * 
Company.     The  accompanying  figuref   shows  a  section  across 


*Theother  manganeee-beariogtracta  belonging  to  Golonel  Matt.  Martin,  t^e  owner  of 
this  property,  are  described  in  the  order  of  their  occurreace  in  the  different  localities. 

t  This  figure  has  already  been  given  and  described  in  chapter  VIII.,  page  195,  in  the  dis- 
caislon  of  the  sobsideoce  of  the  chert  as  a  result  of  the  decay  of  the  underlying  St.  Clair  lime- 
stone.  It  is  giren  here  again  to  facilitate  the  description  of  the  property.  A  drawing  of  the 
opening  at  the  Grubb  Out  is  also  giTen  in  chapter  VIII. 


THE  BATE8VILLB  RBQION  OF  ARKANSAS.  Ztl 

4h«  main  pit.  At  the  base  of  the  pit  are  two  maases  of  St.  Clair 
limestone  of  a  gra7  color,  which  lie  horizoDtally  and   represent 


Figanil.  SteHaa  llmash  l^e  OnM  OiU,  HHmUtKorlA  11/  Culimtn,  tracing  Ihi  dac*)/ 
«/  'At  St.  Clair  Umalone,  Ot/emaiim  ^  rttUaal  numgantt-beoring  clag,  and  tlu  luMdaiet  mmit 
liilnigiiflhtiicerifiinf  Bam*  eVrl. 

B.    8t.  CMr  ILinHtOD*. 

C    MiDcaneae-boailDg  ol*r. 

HorlionUI  >nd  Tartlsil  aa.\e:  1  Inoh  —  W  fHt. 

parts  of  the  formatioa  that  have  survived  decomposition.  Sur- 
roundiog  and  overlaying  them  is  the  maagaaese- bearing  clay,, 
overlain  in  turn  by  from  one  to  twenty  feet  of  chert. 

Captain  Ed.  Wilbum,  Superintendent  of  the  St.  Lonis 
Manganese  Company's  mines,  states  that  two  shafts,  now  mostly 
filled  up,  were  sunk  here.  One  was  thirty  feet  deep  and  was 
in  the  clay  bed  all  the  way;  the  other  was  forty  feet  deep  and  was 
sunk  in  the  bottom  of  a  tunnel  which  was  itself  forty-five  feet 
below  the  surface. 

As  will  be  seen  io  the  figure,  both  the  clay  bed  and  the 
chert  dip  away  from  the  uoderlyiug  bodies  of  limestone,  cover- 
ing them  in  the  form  of  a  rough  cone  and  pitching  off  from  them 
in  all  directions.  The  position  of  the  chert  and  clay  in  the  nat- 
ural result  of  their  sinking  over  the  nuevenly  decomposed  surface 
of  the  limestone,  as  explained  in  chapter  VIII.  The  ohert  is 
much  shattered  and  broken,  and  near  the  clay  bed  it  is  deeply 
stained  with  manganese.  The  clay  contains  manganese  in  both 
large  masses  ("lump  ore")  and  small  masses  ("wash  dirt"). 

The  Turner  mine. — The  Turner  mine  is  in  14  N.,  7  W., 
section's,  the  northeast  quarter  of  the  nortbweBt  quarter, 
and  is  situated  at  the  head  waters  of  Turner  Creek,  half  a 
mile  northeast  of  the  Southern  mine.     Something  over  4,000 
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tons  of  ore  are  said  to  have  been  taken  from  the  property^ 
of  which  quantity  from  500  to  1,000  tons  were  mined  by  E^ 
H.  Woodward  and  Company,  and  the  rest  by  the  Keystone 
Manganese  and  Iron  Company  at  different  times  between 
1886  and  1890. 

The  ore  is  associated  with  red  clay  and  directly  overlies 
the  decomposed  surface  of  the  Izard  limestone.  It  is  capped 
by  the  broken  and  disturbed  remains  of  the  chert  bed,  which 
varies  from  only  a  few  scattered  fragments  to  twenty  feet  ia 
thickness.  The  St.  Clair  limestone  has  entirely  decayed^ 
and  the  clay  and  ore  remain  as  the  residual  product.  Even 
the  Izard  limestone,  which  once  formed  the  base  on  which 
the  St.  Clair  limestone  rested,  has  been  attacked  by  the 
surface  waters,  and  deep  hollows,  separated  by  protruding 
knobs,  have  been  formed  in  its  surface.  The  ore-bearing 
clay  has  collected  in  these  hollows  and  also  covers  the  pro- 
truding knobs.  A  large  part  of  the  northern  end  of  the  hill 
has  been  excavated,  and  the  rugged  floor  of  Izard  limestone 
has  been  exposed. 

The  accompanying  drawing,  plate  XVL,  represents  a 
view  in  one  of  the  openings  on  this  property.  The  masses  of 
rock  in  the  center  and  on  the  extreme  left-hand  side  are 
partly  disintegrated  bodies  of  Izard  limestone,  protruding  in 
the  form  of  irregular  knobs  from  the  main  mass  of  that 
formation  below.  They  are  surrounded  and  covered  by  the 
manganese-bearing  clay,  which  forms  the  rest  of  the  hill 
represented  in  the  drawing.  Numerous  fragments  of  chert, 
from  the  upper  part  of  the  clay  bed,  have  rolled  down  and 
are  mixed  with  loose  pieces  of  limestone  and  masses  of 
manganese  ore  on  the  slopes  of  the  excavation. 

The  drawing  illustrates  a  typical  case  of  the  conditions 
which  exist  in  places  where  the  St,  Clair  limestone,  when 
highly  charged  with  materials  to  form  deposits  of  ore- 
bearing  clay,  has  completely  decayed;  and  where  the  under- 
lying Izard  limestone  has  partly  decayed,  and  holds  the 
residual  products  of  the  overlying  formation  in  the  hollows 
on  its  surface.     Practically    the  whole   of  the  ore-bearing 
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clay  represented  id  tbe  drswiug  has  come  from  the  St.  Clair 
limestoae,  since  the  Izard  limestone  contains  no  manganese 
ore  and  only  very  little  inaolable  material  to  form  a  clay 
bed  when  decomposed.  Occasionally  the  chert  has  partly 
disintegrated  into  a  fine  powder,  which  may  increase  the  bulk 
of  the  clay  to  a  limited  extent;  bnt  the  addition  is  very 
small. 


HorliODUl  and  tanlal  Ktlt :    1  iDcb— 19  ttt. 

The  accompanying  figure  22  is  a  section  near  the  view 
represented  in  the  lost  drawing.  It  illaatrates  the  same 
subject,  except  that  here  the  chert  bed  is  shown  above  the 
ore-bearing  clay.  It  will  be  observed  that  the  clay  overlies 
the  irregularly  decomposed  Izard  limestone;  that  tbe  chert 
has  been  let  down  on  the  claj^  in  a  broken  mass  of  varying 
thickness;  and  that  the  contour  of  the  surfiace  of  the  hill  is 
largely  iufiuenced  by  the  position  of  the  protruding  knobs  of 
limestone  below. 

As  would  be  expected  in  a  deposit  snch  as  the  one  at 
the  Turner  mine,  the  thickness  of  the  clay  is  very  changeable, 
varying  from  four  to  forty  feet  or  more.  The  bed  is  not  so 
thick  as  in  places  like  the  Southern  mine  where  even  less 
decay  of  the  St.  Clair  limestone  has  gone  on.  In  the  parts  of 
the  Turner  property  where  tbe  chert  hasbeen  almost  entirely 
removed,  this  difference  in  the  thickness  of  the  clay  may  be 
due  to  erosion  by  surface  waters,  bnt  it  is  probably  due  mostly 
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to  the  fact  that  the  original  limestone  did  not  contain  the 
material  to  form  a  thicker  bed.  The  value  of  a  dep  osit, 
however,  does  not  depend  alone  upon  the  thickness  of  the 
ore-bearing  clay,  but  on  the  percentage  of  the  ore  in  that 
clay;  and  it  often  happens  that  a  clay  of  great  thickness  does 
not  contain  a  paying  quantity  of  ore,  while  a  much  thinner 
bed  may  pay  well.  It  is  necessary,  therefore,  to  make  a 
special  study  of  each  locality  in  order  to  determine  its  value. 
The  Turner  mine  is  a  case  where  a  comparatively  thin  bed  of 
clay  contains  large  quantities  of  ore. 

The  Polk  Southerd  tract — The  Polk  Southerd  tract  is  in  14 
N,,  7  W.,  section  3,  in  the  northwest  quarter  of  the  northwest 
quarter,  and  is  the  property  of  Col,  Matt,  Martin,  of  Batesville, 
No  extensive  work  has  been  done  on  it,  although  a  few  small  open- 
ings have  been  made,  from  which  114  tons  of  ore  are  said  to  have 
been  taken. 

The  property  adjoins  the  Turner  mine  on  the  west  and 
forms  a  part  of  the  same  hill.  What  has  been  said  of  the  occur^ 
rence  of  the  ore  at  that  mine  applies  equally  to  this  tract.  The 
chert  is  thin  and  often  occurs  only  as  loose  fragments.  In  the 
latter  case  it  is  deeply  stained  with  manganese  and  mixed  with 
masses  of  ore.  There  are  probably  considerable  quantities  of  ore 
on  this  property. 

ITie  Wren  mine, — ^The  Wren  mine  is  in  14  N.,  7  W.,  sec- 
tion 4,  and  comprises  a  portion  of  the  northeast  quarter. 
It  is  the  property  of  the  St.  Louis  Manganese  Company. 
A  number  of  pits  show  the  presence  of  manganese  ore  in 
varying  quantities,  associated  with  red  clay  and  overlain  by  from 
two  to  eight  feet  or  more  of  loose  chert.  The  St.  Clair  limestone 
is  not  seen  in  place,  but  fragments  of  it  are  occasionally  found 
in  the  clay,  proving  its  former  existence  in  this  locality.  The 
ore-bearing  clay  overlies  the  uneven  surface  of  the  Izard  lime- 
stone, filling  holes  and  basins,  and  covering  knobs  of  that  rock. 
Some  of  the  cavities  doubtless  extend  to  considerable  depths  and 
contain  a  variable  amount  of  ore.  Here,  as  at  the  Polk  South- 
erd tract  and   the  Turner  mine,  the   ore-bearing  clay  represents 
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the  residue  from   the  complete  decomposition  of  the  St.  Clair 
limestone. 

The  Lapham  mine, — TheLapham  mine  is  in  15N.,  7  W.,the 
«outh  half  of  section  33.  It  is  the  property  of  the  St.  Louis 
Manganese  Company,  and  considerable  mining  has  been  done  on 
it.  It  is  mostly  covered  with  chert,  but  the  red  "ore  dirt"  has 
been  found  under  this  at  a  depth  of  from  six  to  twenty  feet. 
A  shaft  has  been  sunk  into  the  "ore  dirt''  for  thirty-nine  feet 
without  reaching  the  underlying  rock.  At  the  bottom  of  the 
shaft  a  drift  was  run  out  to  the  northwest  slope  of  the  hill,  a  dis- 
tance of  a  hundred  and  eighteen  feet.     The  clay  bed  is  continu- 

• 

ous  for  the  whole  of  this  distance,  and  in  many  places  contains 
manganese  ore.  Numerous  masses  of  St.  Clair  and  Izard  lime- 
stone, varying  from  one  to  ten  feet  in  diameter,  as  well  as  the 
usual  amount  of  chert  fragments  occur  in  the  clay.  As  a  result 
of  the  considerable  amount  of  decay  which  has  taken  place  on 
this  property,  and  also  of  the  fact  that  the  ore  deposit  has  been 
protected  by  the  chert  covering,  an  extensive  deposit  of  clay 
with  pockets  of  ore  of  difiFerent  sizes  may  be  expected. 

The  Thomas  Cecil  tract. — The  Thomas  Cecil  tract  is  in  14  N"., 
7  W.,  section  5,  the  west  half  of  the  northwest  quarter.  It  is  three 
miles  northwest  of  Cushman,  on  the  hills  lying  east  of  East 
Lafferty  Creek  and  south  of  Turner  Creek,  With  the  ex- 
ception of  a  few  prospect  openings,  no  work  has  been  done  on  it. 
The  hill  on  which  the  property  is  situated  is  capped  by  about 
thirty  feet  of  chert,  loose  fragments  of  which,  associated  with 
occasional  fragments  of  St.  Clair  limestone  and  small  masses  of 
manganese  ore,  cover  the  slopes.  A  large  part  of  the  St.  Clair 
limestone  doubtless  remains  in  the  interior  of  the  hill|  and  conse- 
quently the  deposit  of  ore-bearing  clay,  which  is  derived  directly 
from  the  decomposition  of  this  rock,  is  not  so  thick  as  if  more 
of  it  had  decayed.  Pockets  of  clay,  however,  containing  more 
or  less  ore,  will  doubtless  be  found  at  various  places  on  the 
slopes. 

The  W.  H.  Cole  tract.— The  W.  H,  Cole  tract  is  in  14  N., 
7  W.,  section  6,  the  southwest  quarter  of  the  northeast  quarter; 
and  the  northwest  quarter  of  the  southeast  quarter.     It   lies  on 
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the  south  side  of  Turner  Creek,  two  and  a  half  miles  northwest  o  f 
Cushman.    Several   small  pits  which   have  been  dug   show   the 
presence  of  manganese  ore  in  a  red  clay.     The  deposit  is  said  to 
have  been  sunk  into  for   twenty-five  feet  without  reaching  the 
bottom  of  the  clay.     The  ore  is  of  a   hard^  dark  iron-gray  vari- 
ety and   often  contains   numerous  cavities   filled   with   earthy^ 
matter. 

Fragments  of  St.  Clair  limestone,  of  a  chocolate -brown 
color,  are  frequently  found  in  the  clay,  and  it  is  probable  that  the 
main  body  of  that  rock  still  underlies  the  deposit,  which  is  not  so 
thick  as  it  would  have  been  had  more  of  the  limestone  decayed.. 
'  The  clay  bed,  however,  probably  has  a  considerable  lateral  ex-- 
tent. 

Similar  ore  under  similar  conditions  occurs  on  the  lands  of 
John  Cole  and  of  Jake  Cole,  adjoining  this  property. 

The  following  tracts  in  this  neighborhood  are  also  owned 
and  held  as  ore-bearing  lands  by  members  of  the  Cole  family: 

14  N.,  7  W.,  section  6,  the  southwest  quarter;  and  the  east 
half  of  the  southeast  quarter;  section  7,  the  northwest  quarter  of 
the  northwest  quarter;  the  northeast  quarter  of  the  northeast 
quarter;  and  the  northwest  quarter  of  the  southwest  quarter^ 
These  properties  have  not  been  examined  by  the  Survey.  Sev- 
eral other  similar  tracts  are  also  owned  by  the  Cole  family. 

LAFFEBTY  CREEK  BASIN. —  Upper  part  ofthc  Eost  Lafferty  Creek 

region. 

General  features. — North  of  the  Turner  Creek  basin,  up 
the  valley  of  East  Lafferty  and  the  east  side  of  Middle  Lafferty 
Creeks,  in  15  N.,  7  W.,  the  St.  Clair  limestone  entirely 
disappears,  with  the  exception  of  a  few  email  outcrops  in  the 
southeast  part  of  the  township.  The  ore-bearing  clay,  resulting 
from  the  decomposition  of  this  rock,  occupies  the  upper  parts  of 
isolated  hills  of  Izard  limestone,  and  is  sometimes  capped  by 
rugged  knobs  of  chert,  at  other  times  by  only  a  few  scattered 
fragments  of  that  material.  The  lower  country  is  composed 
partly  of  the  sandstone  that  underlies  the  Izard  limestone,  and 
the  area  covered  by  it  becomes  more  and  more  extensive,    until 
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Barren  Fork  is  reached,  where  the  sandstone  almost  entirely  re- 
places the  other  rocks. 

The  manganese-bearing  clay,  in  many  places  where  the 
chert  capping  has  been  removed,  has  suffered  considerably  from 
the  action  of  weathering  and  has  often  become  thin;  but,  in 
some  places,  it  still  preserves  a  considerable  thickness  and  fills 
deep  holes  in  the  Izard  limestone. 

Manganese  under  these  conditions  of  occurrence  is  found  in 
many  places  between  Turner  Creek  and  Barren  Fork,  among 
others  in  15  N.,  7  W.,  sections  20,  21,  28,  and  29,  on  the  land 
of  Messrs.  Williamson,  Luster,  Dr.  Dobson,  and  others.  Little 
or  no  mining  has  been  done  in  this  region,  however,  and  but  few 
practical  tests  of  the  deposits  have  been  made.  On  the  land  of 
Mr.  B.  P.  Williamson,  in  16  N.,  7  W.,  section  21,  the  northeast 
'quarter  of  the  southwest  quarter,  manganese  ore  is  found  over- 
lying the  Izard  limestone,  and  associated  with  red  clay  and  loose 
fragments  of  chert. 

Manganese  occurs  in  small  quantities  in  the  neighborhood  of, 
and  north  of  Barren  Fork,  on  the  lands  of  Messrs.  Budolph,  Al- 
bright, Holland,  and  others.  At  Barren  Fork,  however,  the  ore- 
bearing  deposit,*  if  it  ever  existed  in  any  considerable  thickness, 
has  been  almost  entirely  removed,  and  the  ore  occurs  only  in  small 
isolated  patches  of  red  clay,  lying  on  the  surface  of  the  Izard 
limestone  or  the  underlying  sandstone. 

The  Peter  Reeves  tract. — The  Peter  Beeves  tract  is  in  15  N.,  7 
W.,  section  8,  the  south  half  of  the  southwest  quarter,  and  is  a  mile 
northwest  of  Barren  Fork,  near  the  head  waters  of  Middle  Laf- 
ferty  Creek.  A  crystalline,  black  ore,  associated  with  the  usual 
red  clay,  covers  the  top  of  a  limestone  hill  on  this  property, 
and  the  only  remains  of  a  chert  bed  are  a  few  scattered  frag- 
ments on  the  surface.  The  hill  is  cultivated  and  numerous 
masses  of  ore  have  been  plowed  up. 

The  orc-beariog  clay,  being  unprotected  by  a  covering  of 
chert,  has  been  exposed  to  erosion,  and  a  portion  of  it  has  been 
carried  away,  but  it  is  probable  that  a  considerable  quantity  of  it. 
still  remains  in  the  hollows  in  the  Izard  limestone. 

This  property  may  be  considered  as  the  extreme  northern 
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limit  of  the  manganese  in  the  valleys  of  East  and  Middle 
Lafferty  Creeks.  Ore  has  been  found  in  small  quantities  in  associ- 
ation with  red  clay  elsewhere  to  the  north,  but  it  occurs  only  as 
occasional,  small,  scattered  masses  of  no  commercial  importance. 
Mr.  Beeves  also  owns  16  N.,  7  W.,  section  17,  the  northwest 
quarter  of  the  northwest  quarter. 

LAFPERTY  CREEK  BASIN. — The   divide  between     West    Laferty 
and  the  waters  of  Middle  and  East  Lafferty  Creeks. 

General  features. — The  divide  between  the  waters  of  West 
Lafferty  Creek  and  those  of  Middle  and  East  Lafferty  is  a  well 
known  topographic  division  of  the  manganese  region,  and  for 
this  reason,  as  well  as  for  convenience  in  description,  it  ia 
treated  separately.  It  begins  at  the  confluence  of  the  two  main 
forks  of  Lafferty  Creek,  a  mile  above  the  White  River,  and 
extends  north  to  the  head  waters  of  Middle  Lafferty,  two  miles 
northwest  of  Barren  Fork.  It  is  over  eight  miles  in  length  and 
from  one  to  three  miles  in  width,  the  broadest  part  being  near  its 
northern  extremity.  The  general  features  of  the  divide  are 
similar  to  those  of  the  country  just  described,  and  change  in  the 
same  way  going  north. 

The  southern  part  of  this  area  is  a  high  region  heavily 
covered  with  chert,  and  represents  one  of  the  most  rugged 
parts  of  the  Lafferty  Creek  basin.  The  St.  Clair  limestone  has 
only  partially  decayed,  and  the  deposits  of  residual  clay  which 
have  resulted  from  this  decay,  though  they  sometimes  contain 
ore,  are  not  so  deep  as  if  more  of  the  limestone  had  been  decom- 
posed. To  the  north,  the  decomposition  of  the  limestone  becomes 
more  and  more  marked,  until  all  that  remains  are  the  deposits  of 
residual  ore  and  clay.  The  chert,  in  this  direction,  has  also  suf- 
fered from  erosion,  and  in  many  places  has  been  almost  entirely 
removed.  Consequently  the  ore-bearing  clay  is  exposed  to  the 
action  of  the  weather,  and,  still  further  north,  it  becomes  thin 
and  finally  disappears  altogether. 

The  George  tract. — The  George  tract  is  in  14  N.,  8  W.,  sec- 
tion 11,  the  southwest  quarter  of  the  northeast  quarter;  the  west 
half  of  the  southeast  quarter;  and  the  northeast  quarter  of  the 
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southeast  quarter.  It  belongs  to  the  Keystone  Manganese  and 
Iron  Companjy  and  is  situated  less  than  a  mile  above  the  conflu- 
ence of  the  two  main  branches  of  Lafferty  Creek,  A  few  small 
pits  have  been  sunk  on  the  top  of  a  hill,  and  show  the  presence  of 
manganese  ore  associated  with  red  clay.  A  hundred  and  ninety- 
three  tons  of  ore  are  said  to  have  been  taken  from  this  prop- 
erty. 

The  clay  deposit  is  covered  by  from  ten  to  forty  feet  or 
even  more  of  chert.  Numerous  masses  of  St.  Clair  limestone 
are  associated  with  the  ore,  and  the  main  body  of  the  limestone 
is  exposed  on  the  hillsides  in  the  vicinity.  The  amount  of  decompo- 
sition of  that  bed  is  thus  shown  to  have  been  comparatively  small, 
and  the  deposits  of  ore-bearing  clay,  at  least  in  the  part  of  the 
property  where  work  has  been  done,  will  generally  be  found  to 
be  limited  in  depth  as  well  as  in  lateral  extent. 

The  Crosby  tract. — The  Crosby  tract  is  in  14  N.,  8 
W.,  section  2,  the  north  half  of  the  southeast  quarter.  It  is  less 
than  a  mile  north  of  the  George  property,  and  manganese  is  found 
on  it  under  nearly  the  same  conditions  as  at  that  place.  The  sum- 
mit of  the  hill  is  capped  by  about  thirty  feet  of  chert.  The  St» 
Clair  limestone  is  exposed  in  ledges  at  various  places  on  the 
slopes  and  in  small  pits  on  the  summit.  It  is  of  a  dark  chocolate 
color  and  frequently  contains  manganese  ore  in  nodules  or  small 
seams.  It  has  been  partly  decomposed,  and,  as  a  result,  pockets  of 
clay  and  ore  have  formed.  Several  small  pits  which  have  been  sunk 
in  these  beds  show  them  to  be  somewhat  limited  in  extents 
but  often  rich  in  manganese*  The  clay  is  of  the  same  dark 
brown  color  as  that  of  the  limestone  from  which  it  was  derived* 

The  Crosby  property  illustrates  the  partial  decom- 
position of  a  bed  of  St.  Clair  limestone  highly  charged  with  man- 
ganese and  argillaceous  matter;  and,  in  spite  of  the  limited  de- 
cay, there  was  sufiBcient  of  these  materials  in  the  bed  in  this 
locality  to  form  the  present  deposits  of  ore. 

The  Gregory  tract. — The  Gregory  tract  is  in  14  N.,  8  W.^ 
section  2,  the  southwest  quarter  of  the  northeast  quarter;  and  the 
southeast  quarter  of  the  northwest  quarter.  It  belongs  to  the 
Keystone  Manganese  and  Iron  Company  and  adjoins  the  Crosby 


280  ANNUAL  BBPOBT  8TATB  GEOLOGIST. 

property.  It  is  a  part  of  the  same  range  of  hills  as  the 
latter  place,  and  what  has  been  said  of  that  applies  equally  well 
to  this.  Several  small  pits  which  have  been  sunk  show  the  pres- 
ence of  manganese  ore,  associated  with  red  and  brown  clay, 
overlying  the  decayed  surface  of  the  St.  Clair  limestone.  Twenty- 
five  tons  of  ore  are  said  to  have  been  taken  from  the  property. 

The  thickness  of  the  St.  Clair  limestone  on  this  tract  is  about 
fifty  feet.  Its  thickness  in  the  surrounding  region,  where  it 
is  unaffected  by  leaching,  is  over  a  hundred  feet.  Therefore  at 
least  half  of  it  has  probably  decayed,  and  the  ore  and  clay,  lying 
in  the  hollows,  have  been  derived  by  this  decomposition.  The 
rock  varies  from  pink  to  a  dark  brown  color  and  often  contains 
nodules  and  thin  seams  of  ore. 

The  William  Martin  tract. — The  William  Martin  tract  is  in 
14  N.,  8  W.,  section  2,  the  east  half  of  the  southwest  quarter 
of  the  southwest  quarter.  It  belongs  to  the  Missouri  Furnace 
Company,  and  several  large  openings  have  been  made  on 
different  parts  of  the  property.  The  hill  on  which  it  is  sit- 
aated  is  capped  with  about  forty  feet  of  chert,  beneath 
which  the  St.  Clair  limestone  is  deeply  scored  with  holes  and 
basins  carrying  the  ore-bearing  clay.  These  hollows  are 
seen  on  the  slopes  and  probably  extend  back  into  the  hill 
under  the  chert.  The  clay  is  of  a  red  or  dark  chocolate- 
brown  color  and  contains  masses  of  ore,  of  a  hard,  steel-gray, 
orystalline  variety,  varying  in  size  from  small  particles  to 
lumps-weighing  a  hundred  pounds  or  more.  Frequently  loose 
masses  of  St.  Clair  limestone,  from  one  to  twenty  feet  in 
diameter,  are  found  in  the  clay,  and  represent  parts  of  the 
bed  that  have  not  yet  been  decomposed.  These  vary  from 
gray  to  dark  brown  in  color,  and  contain  seams  and  masses 
of  ore  of  the  same  kind  as  that  found  in  the  clay,  and  from 
half  an  inch  to  six  inches  in  thickness.  The  seams  are  len- 
ticular and  very  irregular.  They  protrude  from  the,  weathered 
surface  of  the  limestone,  and,  in  the  words  of  the  miners, 
they  are  said  to  be  "welded  on  to  the  rock";  whereas,  it  is 
just  the  opposite  action  that  has  gone  on  :  the  limestone  that 
encloses  the  ore  is  being  gradually  dissolved,  and  the  harder 
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masses  of  ore,  resisting  the  dissolving  action  more  success- 
fully than  the  limestone^  remain^  and  are  being  slowly  set 
free  from  the  i^ock.  A  drawing  of  one  of  these  limestone 
masses  is  given  in  chapter  VUI.^  and  described  on  page  168. 

This  property  furnishes  an  excellent  example  of  the 
derivation  of  manganese  deposits  in  this  region.  The  ore 
«nd  clay  once  formed  a  part  of  the  St.  Clair  limestone;  the 
clay  was  scattered  through  the  rock  and  the  darker  varieties 
of  it  have  given  the  limestone  its  dark  color;  the  ore  occurred 
ia  masses  and  seams  in  the  original  rock,  in  the  same  way 
that  it  is  now  seen  in  the  loose  masses  of  limestone  in  the 
clay.  Surface  waters  attacked  the  bed,  dissolved  the  carbon- 
Ate  of  lime,  and  left  the  clay  and  ore  as  they  are  now  found. 
The  ore-bearing  part  of  the  St.  Clair  limestone  was  both 
overlain  and  underlain  by  parts  of  the  same  formation 
without  ore. 

To  the  north  of  this  region,  the  St.  Clair  limestone 
becomes  thinner  and  finally  disappears,  the  only  remains  of 
it  being  the  deposits  of  ore-bearing  clay.  These  are  exposed 
on  isolated  hills  and  ridges  composed  largely  of  Izard  lime- 
stone, and  underlain  by  the  saccharoidal  sandstone.  Some- 
times  a  part  of  the  ore-bearing  clay  is  capped  by  a  small 
knob  of  chert,  but  this  rock  has  also  become  thin  and  is  often 
represented  by  only  a  few  scattered  fragments  on  the  surface 
of  the  clay. 

The  Reuben  Rogers  tract. — Mr.  Rogers  owns  several  tracts 
of  land  in  15  N.,  8  W.  One  of  them  visited  by  the  Survey,  is 
situated  on  a  hill  rising  about  a  hundred  feet  above  the  sur- 
rounding drainage.  The  summit  of  the  hill  is  capped  by 
about  twenty  feet  of  chert,  and  the  red  ore-bearing  clay  is 
exposed  on  the  slopes  of  the  Izard  limestone  below.  No 
mining  has  been  done,  but  the  ore  is  seen  in  loose  masses  on 
the  hillsides,  and  has  frequently  collected  in  the  gullies  that 
have  cut  their  way  into  the  clay. 

The  Thomas  Nail  tract. — The  Thomas  Nail  tract  is  in  15 
N,,  8  W.,  section  36,  the  west  half  of  the  northwest  quarter 
of  the  northwest  quarter.     Manganese  is  found  here  under 
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the  same  conditions  as  at  the  last  mentioned  places.  A  fe\r 
loose  fragments  of  ore  are  on  the  surface,  but  no  mining  has: 
been  done. 

Mr.  Nail  also  holds  as  ore  land  15  N.,  8  W.,  section  36^ 
the  northeast  quarter  of  the  northwest  quarter,  but  this, 
place  has  not  been  examined  by  the  Survey. 

Manganese  ore,  under  conditions  similar  to  those  exist-^ 
ing  on  the  Nail  tract,  occurs  on  the  land  of  John  Rogers  in- 
15  N.,  8  W.,  section  34,  the  north  half  of  the  northeast 
quarter;  on  the  land  of  Ephraim  Sipes  in  16  N.,  8  W., 
section  25,  the  southwest  quarter  of  the  southwest  quarter ; 
on  the  land  of  James  Blue  in  15  N.,  8  W.,  section  13;  and 
at  other  places  in  the  neighborhood.  Little  or  no  mining  has 
been  done  on  these  properties,  and  a  few  small  prospecting^ 
pits  are  all  that  exist  to  show  the  nature  of  the  deposits. 

The  William  S.  Nail  tract. — The  William  8.  Nail  tract  is  in- 
15  N.,  8  W.,  section  25,  the  southeast  quarter  of  the  north- 
west quarter.  It  difiers  from  other  places  described  in  the< 
vicinity  in  that  a  part  of  the  original  St.  Clair  limestone  is 
still  preserved.  The  chert  bed  has  been  almost  entirely 
removed,  the  only  remains  of  it  being  a  few  scattered  frag- 
ments on  the  top  and  slopes  of  the  hill.  The  St.  Clair  lime- 
stone varies  from  five  to  twenty -five  feet  in  thickness,  and 
caps  the  top  of  a  narrow  ridge.  It  contains  interbedded 
strata  of  a  fine  grained  sandstone  sometimes  carrying  small,, 
flat,  concretions  of  ore.  The  Izard  limestone  crops  out  below 
the  St.  Clair  limestone  with  a  thickness  of  about  a  hundred 
and  forty  feet,  and  is  underlain  at  the  foot  of  the  hill  by  the 
saccharoidal  sandstone.  The  small  exposure  of  St.  Clair^ 
limestone  seen  here  represents  the  remains  of  a  bed  once,, 
probably,  a  hundred  feet  or  more  in  thickness. 

The  ridge  slopes  ofi  almost  perpendicularly  on  the 
northeast  side  and  the  rocks  are  exposed  in  bare  ledges ; 
but  on  the  southwest,  the  slope  is  much  more  gradual,  and 
here  the  ore-bearing  clay  has  collected.  In  some  places  it 
overlies  the  St.  Clair  limestone  in  small  hollows,  but  most  of 
it  has  been  washed  down  the  slopes  of  the  hill  and  overlies. 
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the  Izard   limestoDe,    No  miDlng  has  been  done  on   the^ 
property. 

Other  localities  on  the  divide  between  West  Lafferty  and  the 
waters  of  Middle  and  East  Lafferty  Creeks. — For  a  distance  of 
two  miles  north  of  the  William  8.  Nail  tract,  manganese  is 
found  at  various  places.     On  the  land  of  Mr.  McSpadden,  1& 
N.,  8  W.,  section  13,  the  east  half  of  the  southwest   quar- 
ter, the  red  clay  with  manganese  ore  and  fragments  of  chert ^ 
occurs  on  the  top  and  slopes  of  a  hill.    Similar  deposits  are 
seen  on  the  lands  of  Mr.  Tingle  and  others  between  here  and 
Barren  Fork,  as  well  as  on  the  property  of  Peter  lieeve» 
already  described,  though  little  or  no  mining  has  been  done 
in  this  neighborhood.     Fragments  of  ore  also  occur  on  the- 
land  of  Nick  Moser,  15  N.,  8  W.,  section  11,  the  northeast 
quarter,  but  this  locality  is  at  the  northern  limit  of  the  man* 
ganese  region,  and  the  ore  has  already  become  much  scat- 
tered.   Beyond,  it  entirely  disappears,  with  the  exceptiou  of 
small  pieces  occasionally  found  on  isolated  outliers  of  Izard 
limestone. 

LAFFERTY  CKEEK  BASIN. — The  west  side  of  West  Lafferty  Creek.. 

Oeneral  feaiures. — Manganese  ore  has  been  found  ia 
several  places,  on  the  waters  draining  into  the  Lafferty  Creek 
basin  from  the  west  and  northwest,  especially  in  the  region  north- 
east of  Penter^s  Bluff.  The  general  features  of  the  country  are 
the  same  as  those  already  described  in  the  part  of  the  Lafferty 
Creek  basin  to  the  east,  and  do  not  require  further  mention*. 
Very  little  mining  has  been  done,  and  a  few  small  pits  represent 
the  whole  of  the  work  in  this  area. 

Pente^^'s  Bluff*— Fenter's  Bluff  is  in  14  N.,  8  W.,  section  9. 
It  is  an   almost   vertical  cliff,  skirting  the  northeast  side  of  the 
White  River  for   a   mile,  and  commencing,  at  its  lower  end^ 
about  a   mile  above  the  mouth  of  Lafferty   Creek.     It  reaches 
a  maximum  height  of  four  hundred  and  eighty-five  feet  (bare- 

*  The  name  Penter's  Bluff  isvariouslv  mUipeltod.     Among  the  most  common   oonup- 
lions  are  "Painfer's,"  "Pinter's,"  "PanderV'"PendarV'  Bluff.    The  blufl  is  said  to  hare 
receiyed  its  name  from  a  family  of  early  settlers  named  Pen ter,  and    therefore  the  spelling 
Penter's  Bluff  is  the  ouly  proper  on*. 
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metric  measuremeDt)  and  is  one  of  the  best  known  landmarks  on 
the  river^  rising  up  in  bold  contrast  with  the  more  gently  sloping 
hills  in  the  background.  At  its  upper  and  lower  ends,  it  slopes 
off  rapidly  to  the  level  of  the  river.  The  bluff  is  on  the  outward 
side  of  the  bend  of  the  river  where  the  latter  turns  from  an 
easterly  to  a  southerly  course.  A  profile  view  of  Penter's 
Bluffy  where:  it  abuts  on  the  White  River^  is  given  in  the  front- 
ispiece of  this  volume. 

Penter's  Bluff  is  the  property  of  Colonel  Matt.  Martin,  of 
Batesville,  and  adjacent  to  it  is  a  steamboat  landing  from  which 
the  first  shipments  of  manganese  from  this  region,  about  forty 
years  ago  (1850-1852),  were  made.  (See  page  104.)  The  White 
River  can  usually  be  navigated  up  as  far  as  Penter's  Bluff  by 
good  sized  steamers  for  eight  months  out  of  the  year,  and  small 
steamers  can  reach  the  bluff  at  almost  all  times  of  the  year. 

In  the  face  of  the  bluff  are  seen  good  exposures  of  the  St. 
Olair  and  Izard  limestones,  capped    bytheB^one   chert.     The 
chert  bed  has  been  eroded  to  a  considerable  extent  and  is  only 
about  fifty   feet  in  thickness.     This  erosion,  however,  is  local, 
and  to  the  northwest  the  bed  regains  most  of  its  original  thick^ 
ness.     On  the  top  of  the  bluff  it  is  interst ratified  with  seams  of 
crystalline  limestone.     The  St.  Clair   limestone   or  mirble*  is 
exposed  immediately  below  the  chert  in  the  more   than  average 
thickness  of  a  hundred  and  fifty-five  feet,  and,  except  superficially, 
has  not  suffered  from  the  decomposing  influences  that  have  acted 
onit  to  the  north.     Consequently   no   collections  of  manganese- 
bearing  clay  have  been  found  immediately  on  the  bluff,  but  oc- 
casionally a  few  fragments  of  ore  have  been  weathered  out  of  the 
rock,  and  are  seen  in  association  with  the  loose   masses  of  chert 
that  cover  the  slopes  at  the  north  and   south  ends  of  the   bluff. 
In  one  place,  a  mass  of  ore  six  inches  thick,  one   foot  wide,  and 
one  foot  long,  was  seen  attached  to  a  loose  block  of  St.  Clair  lime- 
stone.    A  short   distance  back  of  the    bluff,  however,  the   lime- 
stone has  been  partly  decomposed  and  more  ore  has  been  fouad 

^  Penter*a  Bluff  ia  well  adapted  as  a  point  for  quarrying  and  shippiog  this  marble.  See 
report  of  T.  C.  Hopkioa  on  Marbles  and  Other  Linieitoncs,  ainual  r^part  of  the  Geological 
Sarrej,  1890. 
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The  underlying  Izard  limestone  has  a  greater  thickness  at 
Penter's  Blnff  than  at  any  other  place  observed  in  the  mangan- 
ese region.  It  forms  the  lower  two  hundred  and  eighty  feet  of 
the  blufi^  and  as  it  is  still  seen  at  the  base  of  the  bluff,  it  ia 
probably  thicker.  The  greatest  thickness  observed  elsewhere 
is  at  Lee's  Mountain  and  the  Southern  mine,  at  both  bf  which 
places  it  is  two  hundred  and  forty  feet.  The  face  of  the  limestone 
in  the  bluff  shows  an  undulating  dip  of  3^  to  6^  to  the  east  and 
southeast,  and  often  contains  hollows  and  caves.  The  upper  part 
of  the  bed  shows  the  smooth,  even-graiqed  limestone  with  a 
conchoidal  fracture  that  has  been  mined  elsewhere  for  litho-^ 
graphic  stone,  (See  page  122.) 

ITie  Anderson  Mill  tract — The  Anderson  Mill  tract  is  in 
15  N.,  8  W.,  section  34,  the  southeast  quarter  of  the  southeast 
quarter,  and  on  the  west  side  of  West  Lafferty  Creek,  about  two 
miles  northeast  of  Penter's  Bluff.  The  property  forms  a  bluff 
immediately  west  of  West  Lafferty  Creek,  and  is  heavily  capped 
with  chert,  below  which  the  underlying  beds  are  successively  ex-> 
posed  on  the  hillsides.  Manganese  in  afi(sociation  with  the 
usual  red  and  brown  clay,  overlies  the  decayed  surface  of  the 
St.  Clair  limestone,  and  has  often  been  washed  down  over  the 
Izard  limestone  slopes  below,  Mr.  C.  F.  Drake  is  said  to  have 
mined  several  car-loads  of  ore  on  this  property  in  1890. 

The  Buminer  tract, — The  Ruminer  tract  is  in  15  N,,  8  W.^ 
section  34,  the  northeast  quarter  of  the  southeast  quarter,  and 
adjoins  the  last  property  on  the  north,  forming  part  of  the  same 
range  of  hills.  No  mining  has  been  done,  but  scattered  frag 
meuts  of  manganese  ore  are  found  on  the  surface.  The  chert 
has  been  almost  entirely  removed,  and  the  top  of  the  hill  is 
covered  by  a  remnant  of  the  St.  Clair  limestone,  fifty  feet  in  thick- 
ness. Below  this  are  successively  exposed  the  Izard  limestone 
and  its  underlying  sandstone. 

The  bill  rises  a  hundred  and  fifty  feet  above  a  small 
creek  at  its  base  and  the  St.  Clair  limestone  can  be  traced 
along  it  for  a  mile.  It  is  of  a  gray  or  pink  color,  granular 
on  the  surface,  and  much  disintegrated.  The  manganese 
ore  and  its  associated  clay,  which  have  resulted  from  the 
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-decomposition  of  this  rock,  occur  ia  small  basins  on  its  sur- 
face, and  where  those  materials  have  been  washed  from 
above,  they  are  found  on  the  slopes  of  the  underlying  Izard 
limestone. 

The  Ruminer  property  also  includes  15  N.,  8  W.,  sec- 
tion 84,  the  northwest  quarter  of  the  southeast  quarter ;  and 
the  southeast  quarter  of  the  northwest  quarter, 

THE  WILSON   HILLS. 

Qeneral  features. — The  area  north  of  the  White  River 
and  immediately  west  of  the  waters  of  the  Lafferty  Creek 
basin  is  known  as  the  Wilson  Hills.  It  is  a  high,  rugged 
region,  rising  four  ta  five  hundred  feet  above  the  White 
River,  and  extending  east  and  west  around  the  head  waters 
of  Wilson  Creek.  The  higher  elevations  are  heavily  covered 
ivith  chert,  through  which  deep  ravines,  exposing  the  under- 
lying St.  Clair  and  Izard  limestones,  have  been  cut  by 
numerous  creeks  running  south  into  the  White  River. 
Large  springs  are  a  marked  feature  of  such  ravines,  and 
frequently  the  rushing  of  underground  waters  can  be  heard 
at  their  mouths. 

This  chert-covered  region  extends  from  the  White  River 

northward  for  six  miles,  and  finally  ends  abruptly  in  Lee's 

Mountain.    Beyond  this,  the   country  is   underlain  almost 

^entirely  by  the  sandstones  and  limestones  that  bound  the 

manganese  region  on  the  north. 

Absence  of  manganese  in  the  Wilson  Hills. — Very  little 
manganese  has  been  found  in  the  Wilson  Hills.  Occasion- 
;ally  small  pieces  occur,  but  even  these  are  rare  and,  so  far 
as  is  yet  known,  no  deposit  of  commercial  value  has  been 
discovered.  The  St.  Clair  limestone  is  exposed  on  many  of 
the  creeks  running  south  into  the  White  River,  and  occasion- 
ally on  the  northern  slopes  of  some  of  the  hills.  It  has  had 
abundant  opportunity  for  decay,  and  often  it  has  been 
decomposed  to  a  considerable  extent.  Consequently,  if  the  bed 
had  contained  the  materials  necessary  to  form  deposits  of  ore- 
bearing  clay,  as  has  been  explained  in  chapter  YIII.,  the  lat- 


THE  BATESVILLE  REGION  OF  ABKANSAS.  287 

ter  would  be  seen  in  some  places  at  least.  Thus,  on  Lee's 
Mountain,  in  15  If.y  8  W.,  section  7,  there  remains  a  thickness 
x)f  only  forty-five  feet  of  the  original  limestone  which,  where 
it  occurs  in  its  full  thickness  in  the  neighborhood,  varies 
from  a  hundred  to  considerably  over  a  hundred  feet;  yet  no 
trace  of  either  residual  clay  or  manganese  ore  is  seen.  In 
many  places  the  absence  of  these  materials  might  be  due  to 
the  removal  by  erosion  of  both  the  ore  and  the  clay,  but  in 
others,  the  conditions  are  just  as  favorable  for  their  preser- 
vation as  in  the  manganese  region  to  the  east.  The  same 
-decomposition  of  the  St.  Clair  limestone  is  seen  in  places  on 
Wilson  Creek,  and  yet  the  only  traces  of  ore  are  a  few 
scattered  fragments. 

Consequently  it  is  evident  that  the  absence  of  mangan- 
-ese  ore  and  its  associated  red  clay  in  the  country  west  of  the 
manganese  region,  is  due  to  the  absence  from  the  St.  Clair 
limestone  in  that  area  of  the  materials  necessary  to  form 
«uch  deposits.  This  supposition  is  still  further  strengthened 
by  the  fact  that  in  that  region,  manganese  is  not  seen  in 
place  in  the  original  limestone  as  it  often  is  to  the  east. 
The  rock  is  generally  of  a  light  gray  color  and,  though 
«.  chemical  test  of  it  often  shows  a  trace  of  manganese,  this 
material  does  not  occur  in  visible  quantities,  as  is  frequently 
the  case  in  the  Lafferty  Creek  and  Polk  Bayou  basins. 
In  the  latter  places,  as  already  described,  the  limestone  not 
only  often  contains  manganese  in  layers  and  masses,  but  is 
sometimes  impregnated  with  it  throughout,  in  the  form  of 
fine  clay,  which  gives  the  rock  a  dark  chocolate-brown  color. 

The  purity  of  the  limestone  in  the  Wilson  Hills  region 
not  only  accounts  for  the  absence  of  the  ore,  but  also  for 
the  absence  of  the  red  or  brown  clay  such  as  occurs  elsewhere 
with  the  ore;  since  the  purer  the  limestone  the  less  the  amount 
of  insoluble  residue  (clay)  that  will  be  left  when  the  rock 
"decays.    (See  pages  188-189.) 

STONE   COUNTY. 

General  features. — The  White  River,  in  the  region  both 
above  and   below    Penter's   Bluff,   marks  the    boundary  line 
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between  Stoae  county  od  the  south  and  west,  and  Independence 
and  Izard  counties  on  the  north  and  east.  In  this  part  of  Stone 
county  the  same  rocks  are  seen  as  those  already  described  on  the 
opposite  side  of  the  river,  though  tbey  do  not  occur  in  such 
steep  cliffs  as  at  Peoter'a  BluET.*  The  bills  are  heavily  capped 
with  chert,  and  on  their  slopes  the  St.  Clair  and  Izard  limestones 
are  successively  exposed.  Manganese  has  been  found  in  small 
quantities  in  several  places  in  this  region,  but  only  a  little  pros- 
pecting has  been  done  and  no  ore  has  been  shipped.  The  ore 
occurs  in  association  with  red  clay,  and  lies  in  the  hollows  on  the 
slopes  or  the  St.  Clair  lituestoue;  but  this  rock  has  been 
only  locally  decomposed,  often  retaining  its  whole  thickness, 
and  therefore  the  deposits  of  ore-bearing  clay  are  small. 
Outside  of  the  part  of  Stone  county  marked  on  the  map 
as  being  in  the  manganese  region,  small  quantities  of  ore  have 
been  found  in  isolated  localities.  Among  these  is  the  Foster 
tract. 

The  A.  T.  Foster  irocf.— The  A.  T.  Foster  tract  is  in  15  N., 
9  W.,  the  north  part  of  section  34.  It  is  two  and  a  half  miles 
west  of  the  western  limit  of  the  region  represented  in  the  map 
accompanying  this  volume,  and  on  Dry  Creek,  a  tributary  run- 
ning north  from  the  Boston  Mountains  into  the  White  River. 
Fragments  of  a  hard,  massive,  black  roaDganese  ore  have  been 
found  in  association  with  a  red  clay,  lying  in  cavities  on  the  sur- 
face of  the  St.  Clair  limestone,  as  shown  in  the  accompanying 
figure.  Two  small  pits  have  been  dug,butnoore  has  been  shipped. 


Figure  ZS.    Setfion  en  Ihi  A.  T.  Foittr  itaet,  iJavinj  l/u  /nrmalien  <if  rr 
tlay  bn  l\»  dlMJ'  lif  'l^c  Si,  Clair  Umtilont. 
A.    St.  Clilr  UmettoDt. 
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The  figure  illustrates  the  dissolving  action  of  surface  waters 
on  the  limestone.  They  have  gradually  removed  the  carbonate' 
of  lime  in  the  limestone,  while  the  clay  and  ore,  which  were  once* 
distributed  through  that  rock,  have  collected  in  the  hollows  thus- 
formed.  Fragments  of  ore  are  also  seen  on  the  slopes  of  the  hill 
in  several  other  places. 

*  Limits  of  the  manganese  region  on  the  west. — West  of  the 
last  mentioned  locality,  the  St.  Clair  limestone  and  the  associated 
chert  and  Izard  limestone  are  exposed  in  an  almost  continuous 
series  of  outcrops.  These  extend  from  the  region  shown  in  the 
map  accompanying  this  volume,  in  a  westerly  direction  to  the 
western  part  of  Searcy  county,  a  distance  of  about  sixty  miles  fron> 
the  West  Lafferty  Creek  basin,  where  the  St.  Clair  limestone 
thins  out.  ( See  pages  125  and  172.)  Manganese  has  been  re- 
ported in  several  places  in  this  area,  among  others  near  Sylamore,. 
in  Stone  county.  Such  localities,  however,  are  isolated  areas,, 
and,  as  a  rule,  manganese  does  not  characterize  the  region  as  it 
does  the  Lafferty  Creek  and  Polk  Bayou  basins.  The  reason 
for  this  is  doubtless  the  same  as  that  explained  in  the  case 
of  the  Wilson  Hills. 

It  has  already  been  shown  that  the  ore-bearing  part  of  the 
limestone  ends  on  the  east,  in  the  region  of  Hickory  Valley,  in 
the  same  way  that  it  does  to  the  west  of  the  Lafferty  Creek  basin • 
The  Batesville  region,  therefore,  represents  an  isolated  accu- 
mulation  in  the  St.  Clair  limestone  of  materials  suited  for  the 
formation  of  ore-bearing  clay.  It  is  cut  off  on  the  east  and  west 
by  a  limestone,  which  is  of  the  same  general  character,  occupies 
the  same  geologic  position,  and  represents  the  lateral  extension 
of  the  ore-bearing  limestone,  but  yet  is  destitute  of  the  materials 
necessary  to  form  ore-bearing  deposits.  To  the  north  of  the 
Batesville  region,  the  St.  Clair  limestone  disappears  in  the  area 
of  underlying  Silurian  limestones  and  sandstones;  to  the  souths 
it  dips  under  the  Lower  Carboniferous  Boone  chert. 


19  Geological;  Vol.  i.,  1890. 


CHAPTER  XI. 
THE  BATE8VILLE  REGION  OP  ARKKSAS—Gmcluded. 

METHODS   OF  MINING  IN  THE  BATESVILLE    REGION. 

Nature  of  the  deposit  to  be  mined, — The  question  to  be  dealt 
with  in  the  Batesville  region  is  that  of  mining  an  ore  irregularly 
distributed,  in  nodules  or  pockets,  through  all  parts  of  a  clay  bed 
from  20  to  over  100  feet  in  thickness.  The  clay  deposit  is  some- 
times capped  by  from  5  to  60  feet  of  broken  chert,  and  at  other 
times  it  is  exposed  on  the  surface  with  only  a  few  scattered  chert 
fragments  in  its  upper  part.  The  deposit  generally  occupies  the 
summits  or  higher  slopes  of  abrupt  hills,  and  overlies  an  uneven 
floor  of  limestone,  often  running  down  into  it  in  deep  holes. 
The  manner  of  distribution  of  the  manganese  in  the  clay  varies 
greatly:  it  is  either  in  nodules  scattered  throughout  the  bed,  or 
in  irregular  pockets  of  nodules  separated  by  uncertain  distances 
of  barren  clay,  or  in  solid  bodies  thinning  out  on  all  sides  and 
appearing  again  in  a  similar  position  at  a  greater  or  less  distance. 

It  is  characteristic  of  manganese  deposits,  not  only  in  Ar- 
kansas but  elsewhere,  that  hardly  any  two  localities  possess  the 
same  features,  and  this  peculiarity  has  given  them  a  reputation 
for  uncertainty  and  irregulaftity.  With  an  intelligent  preliminary 
investigation,  however,  by  boring  or  by  sinking  prospect  shafts, 
it  is  perfectly  possible  to  determine  whether  or  not  a  property 
can  be  worked  at  a  profit. 

In  order  to  mine  profitably  in  the  region  in  question,  it  is 
necessary  to  have  a  thorouejh  understanding  of  the  nature  of  the 
deposit  in  each  special  locality.  The  character  of  the  ore  and 
its  enclosing  material,  its  mode  of  distribution  in  this  matrix, 
the  depth  of  the  ore-bearing  deposit,  the  surface  character  of  the 


THE  BATESVILLE  BEGION  OF  ARKANSAS.  291 

property,  the  water  supply,  the  facilities  for  transportation,  and, 
in  fact,  every  feature  of  the  subject  that  will  in  any  way  have  a 
bearing  on  the  raining  and  shipping  of  the  ore,  should  be  care- 
fully studied  before  any  operations  are  started  ;  and  no  machin- 
ery or  other  expensive  equipment  should  be  brought  on  to  the 
property,  until  all  the  local  peculiarities  of  the  deposit  to  be 
worked  are  known. 

Methods  of  operating  that  can  be  applied  in  one  locality 
<;annot  always  be  applied  in  another,  and  a  lack  of  appreciation 
>of  the  importance  of  this  fact  has  undoubtedly  been  the  cause  of 
failure  in  many  cases.  In  places  where  the  capping  of  chert  is 
heavy,  underground  work  is  often  necessary,  but  where  the  chert 
is  thin,  or  only  in  scattered  masses,  operations  can  be  more 
cheaply  carried  on  in  open  cuts.  .  In  places  where  there  is  a  large 
quantity  of  small  ore  (*^wash  dirt''),  a  washer  is  absolutely  neces- 
sary ;  where  most  of  the  ore  occurs  in  larger  masses,  this  expense 
can  be  avoided.  There  is  always  some  "wiish  dirt"  with  almost 
all  the  ore  in  the  Batesville  region,  but  in  many  places  it  is  not 
in  sufficient  quantities  to  pay  for  the  expense  of  erecting'  and 
running  a  washer;  while  in  other  places,  the  success  or  failure  of 
a  property  depends  on  having  this  means  of  cleansing  the  large 
quantities  of  small  ore  that  occur. 

It  only  too  often  happens  that,  in  the  first  enthusiasm  aroused 
on  the  opening  of  a  new  mine,  an  unwarranted  amount  of  extrava- 
gance is  practiced,  and  most  of  the  working  capital  is  expended 
in  erecting  fine  buildings,  purchasing  unnecessary  machinery,  and 
in  other  surface  equipment,  totally  regardless  of  the  fact  that  a 
large  part  of  that  capital  will  be  needed  in  the  actual  mining  of 
the  ore.  Many  companies,  therefore,  in  possession  of  valuable 
mining  properties,  are  often  crippled  at  the  very  outset  by  hav- 
ing the  part  of  their  capital  which  should  be  devoted  to  actual 
mining,  tied  up  in  unnecessary  surface  expenditures.  The 
average  market  value  of  any  one  of  the  base  metals  is  generally 
but  little  above  the  cost  of  mining  and  transportation.  Compe- 
tition has  entered  into  the  art  of  supplying  the  world  with  met- 
als as  well  as  into  every  other  industry,  and  many  mines,  giving 
jarge  returns  under  skillful  management,  work  on  a  very  small 
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margin  of  profit.  The  success  or  failure  of  a  property,  therefore^, 
depends  largely  on  the  management,  and  on  a  clear  distinction 
between  the  equipment  that  is  necessary  for  the  proper  working 
of  a  mine,  and  the  equipment  that  is  superfluous. 

PreaeTit  methods  of  mining. — The  only  systematic  mining 
that  has  been  done  in  the  Batesville  region  is  on  the  properties 
of  the  Keystone  Manganese  and  Iron  Company,  of  the  St.  Louis 
Manganese  Company,  and  of  John  B.  Skinner  and  Company>. 
besides  that  formerly  done  by  E.  H.  Woodward  and  Company. 
With  the  exception  of  these  workings,  all  the  rest  of  the  mining 
consists  of  small  pits  and  prospect  holes. 

The  method  of  mining  on  the  Keystone  Company's  property^ 
as  described  on  pages  267-269,  consists  of  a  number  of  small, 
shafts,  with  short  drifls  at  suitable  points.  Vertical  shafts  are 
sunk  until  a  pocket  of  ore  is  found,  and  then  drifts  from  5  to  10 
feet  in  length  are  run  to  allow  the  removal  of  the  whole  body  of 
ore.  When  a  pocket  has  been  exhausted,  and  small  extensions 
of  the  shaft  and  drifts  do  not  reveal  the  presence  of  more  ore, 
the  place  is  deserted  and  a  shaft  sunk  elsewhere. 

On  the  properties  of  the  St.  Louis  Manganese  Company,, 
the  system  of  shafts  and  drifts  has  also  been  employed,  but  drift- 
ing and  tunneling  have  been  carried  out  on  a  more  extensive 
scale.  At  the  Brooks  mine  a  tunnel  150  feet  long  has  been  run 
into  the  red  clay,  and  at  the  Laphara  property  a  similar  tunnel 
118  feet  long  has  been  made. 

Open  pita. — An  open  pit  has  been  tried  at  the  Southern  mine 
but  without  success.  The  reason  given  for  its  failure  is  that  the 
expense  of  moving  the  heavy  covering  of  from  80  to  60  feet  of  chert,, 
which  overlies  the  ore-bearing  clay,  consumed  all  the  profits  from 
the  ore  mined.  This  is  a  strong  argument  and  doubtless  holds 
good  on  this  property,  but  in  places  where  the  superficial  cover- 
ing of  chert  is  thin,  or  where,  as  is  often  the  case,  especially  in 
the  northern  part  of  the  manganese  region,  the  chert  is  repre- 
sented only  by  loose  fragments  scattered  over  the  surface,  mining 
in  large  open  pits  will  undoubtedly  prove  to  be  the  cheapest 
method. 

In  deposits  of  the  kind  in  question,  where  the  ore  is  irreg-- 
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<ularly  scattered  through  the  clay,  there  is  much  risk  of  the 
bodies  of  ore  being  missed  by  a  system  of  shafts  and  drifts,  while 
a  large  open  pit,  which  removes  the  whole  bed,  is  sure  to  reveal 
everything  in  it.  An  argument  against  the  open  pit  practice 
has  been  that  it  requires  the  removal  of  a  much  greater  number 
of  cubic  yards  of  waste  material  per  ton  of  ore,  than  the  shaft  and 
tunnel  method.  This  is  undoubtedly  true,  but  the  greater  cheap- 
ness with  which  the  clay  can  be  handled  in  open  cuts,  much  more 
than  counterbalances  the  cost  of  moving  the  additional  material. 

In  shafting  and  tunneling,  it  is  generally  necessary  to  tim- 
ber, as  the  clay  is  apt  to  cave  in.  It  is  also  necessary,  if 
extensive  work  is  done,  to  have  underground  tramways,  lights, 
and  all  the  other  expensive  requirements  of  underground  mining. 
In  large  open  pits  none  of  these  things  are  necessary. 

In  the  small  shafts  and  tunnels  such  as  are  often  made, 
the  miners  are  necessarily  cramped  and  do  not  accomplish 
«uch  effective  work  as  if  they  had  plenty  of  room.  The 
usual  method  of  hoisting  from  a  shaft  by  a  hand  windlass 
is  also  much  more  expensive  than  hoisting  with  a  derrick 
from  an  open  pit;  since,  in  the  latter  case,  work  in  the  pit 
-can  be  so  arranged  as  to  keep  the  derrick  going  all  the  time, 
thereby  greatly  reducing  the  expense  of  hoisting;  while  in 
the  case  of  a  small,  cramped  shaft,  only  a  limited  number  of 
men  can  work,  the  bucket  moves  up  only  at  long  intervals, 
and  the  two  men  at  the  windlass  are  idle  a  large  part  of  the 
time,  thereby  adding  greatly  to  the  expense  per  cubic  yard 
•of  material  hoisted.  It  might  be  said  that  steam  hoists 
or  derricks  could  be  used  in  the  shafts,  but  the  temporary 
character  of  the  latter  would  not  admit  of  steam  hoists, 
and  the  slow  rate  at  which  the  ground  is  moved  in  the 
small  shafts  would  not  pay  for  the  expense  of  derricks. 
An  argument  frequently  brought  against  the  use  of  large 
open  pits  is  that  it  injures  the  property  for  underground 
work,  if  that  method  of  mining  should  prove  desirable  later 
on.  This  is  true  only  in  regions  where  work  is  being  carried 
on  in  a  deposit  extending  to  a  great  depth;  but  in  the  Bates- 
ville  region,  the  largest  dimensions  of  the  ore-bearing  clay 
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are  lateral  and  not  vertical,  and  therefore  this  iDConveniencev 
if  it  should  ever  arise,  would  be  reduced  to  a  minimum. 

An  open  pit  in  clay  would  be  dangerous  and  expensiva 
to  manage,  if  it  was  sunk  to  a  great  depth,  but  in  the  Bates- 
ville  region,  a  pit  could  not  go  to  great  depths,  for  the  ore- 
bearing  clay  is  limited  in  thickness.  The  thickest  deposita 
are  probably  not  much  over  a  hundred  feet,  though  they 
may  sometimes  extend  to  greater  depths  in  holes  in  the. 
underlying  Izard  limestone;  but  most  pits,  especially  where 
the  ore  bed  has  no  thick  chert  covering,  would  reach  bed 
rock  at  from  thirty  to  eighty  feet.  Most  of  the  manganese 
ore  occurs  in  a  bed  of  clay  situated  on  or  near  the  summits 
of  limestone  hills,  the  slopes  of  which  are  often  very  steep. 
In  such  a  position,  a  large  open  pit  in  the  clay  could  be  more 
easily  drained  than  a  series  of  small  shafts,  and  abundant 
dumping  facilities  could  readily  be  obtained. 

From  the  above  considerations,  it  seems  desirable  to- 
conduct  mining  operations  in  this  region,  in  places  where 
the  chert  is  thin  or  only  in  loose  fragments,  by  means  of 
large  open  pits  or  cuts,  and  in  this  way  eventually  to  move 
the  whole  of  the  ore-bearing  clay  bed  from  the  summit  of 
the  hill.  Two  methods  might  be  enaployed  to  do  this :  (1) 
An  open  cut  might  be  started  into  the  hill,  on  its  slope  at  the 
base  of  the  clay  and  above  the  underlying  limestone.  The 
ore  and  the  clay  could  be  carried  out  in  carts  or  on  u  tramway 
and  dumped  on  the  side  of  the  hill.  In  this  way  the  whole 
hill  could  be  stripped  of  its  ore-bearing  deposit,  and  all  the 
ore  that  is  there  could  be  obtained.  (2)  Large  pits  could 
be  sunk  on  the  clay  bed,  and  hoisting  could  be  done  with 
a  derrick.  The  derrick  should  have  a  long  boom  so  as  to 
reach  over  as  large  an  area  as  possible,  and  could  be  best 
worked  with  a  portable  engine.  When  all  the  ore- bearing 
clay  within  reach  of  the  boom  had  been  removed  down  to 
the  limestone  floor,  the  derrick  and  boiler  c.ould  be  taken  ta 
another  position,  and  this  process  continued  until  the  whole 
hill  was  stripped.  The  ore  and  waste  material  could  be 
L  dumped  on  the  slopes  of  the  hill  where  this  was  feasible,  and^ 
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where  it  was  not,  they  could  be  carried  off  on  a  temporary 
tramway.  Both  these  methods  hare  their  advantages,  and 
the  adoption  of  one  or  the  other  must  be  determined  by  the 
conditions  surrounding  each  property. 

In  cases  where  there  is  a  heavy  capping  of  chert,  it  will 
doubtless  be  found  cheaper  to  employ  the  method  of  shafts 
and  tunnels  than  of  open  cuts,  as  the  expense  of  stripping 
from  fifty  to  seventy  feet  of  chert  is  not  warranted  by  the 
amount  of  ore  beneath.  But  wherever  the  chert  bed  is 
thin,  the  ore  begins  almost  from  the  surface,  and  in  such 
cases  the  method  of  mining  in  open  cuts  is  undoubtedly 
preferable. 

MINING   MACHINERY. 

The  use  of  expensive  machinery  in  mining  in  the  Bates- 
ville  region,  with  the   exception   of  washers,   is  not  only, 
unnecessary,  but  is  unwarranted  by  the  nature  of  the  deposits. 
Portable  boilers  and  hoists,  and  in  some  cases  steam  pumps,  are 
all  the  machinery  necessary. 

The  deposits  generally  cover  isolated  hills,  and  are  nec- 
essarily limited  both  in  depth  and  lateral  extent.  Consequently 
if  mining  is  to  be  done  on  a  large  scale,  numerous  localities  will 
be  worked  out,  and  no  permanent  mining  plant  should  be  put  up 
in  any  one  place.  All  equipments  should  \)e  as  light  and  port- 
able as  possible,  so  that  when  one  deposit  is  exhausted,  they 
can  be  cheaply  moved  to  another. 

WASHERS. 

• 

The  only  treatment  that  it  is  necessary  to  give  the  ore  in  order 
to  prepare  it  for  market,  is  to  free  it  from  the  adhering  clay. 
The  methods  employed  for  this  purpose  must  vary  somewhat 
with  the  nature  of  each  deposit.  Where  the  ore  is  in  large  masses, 
it  can  generally  be  shipped  just  as  it  is  mined,  as  the  adhering 
clay  forms  an  almost  imperceptible  part  of  the  whole  mass;  but 
in  some  places  the  manganese  contains  a  great  number  of  small 
cavities  filled  with  clay,  and  if  this  ore  is  shipped  in  lump  form, 
the  clay  greatly  lowers  its  percentage  of  manganese  and   oftenr 
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Tenders  it  un marketable.  Such  ores  should  be  crushed  and 
cleansed  by  sizing  and  jigging.  In  association  with  the  larger 
masses  of  ore,  there  almost  always  occur  greater  or  less  quanti- 
ties of  small  ore,  in  pieces  varying  from  a  sixteenth  of  an  inch  to 
an  inch  in  diameter,  known  as  ^'wash  dirt'\  It  does  not  pay  to 
collect  these  by  hand  and  therefore  washing  is  necessary.  The 
form  of  washer  used  at  the  Southern  mine  has  already  been  de- 
eeribed*,  and  is  worked  on  the  principle  of  sizing  and  jigging. 
The  washer  of  John  B.  Skinner  and  Company,  on  Sullivan 
Creek,  differs  considerably  in  its  mechanism  from  that  at  the 
Southern  mine,  but  it  also  is  based  on  the  system  of  sizing  and 

j'gg>°g- 

In  the  Cartersville  region,  of  Georgia,  the  manganese  washer 

<5ommonly  used,  until  the  late  introduction  of  a  more  elaborate 
process  by  the  Etowah  Iron  Company,  was  a  simple  revolving 
x^ylinder,  perforated  with  numerous  holes  and  fed  inside  by  a  con- 
stant stream  of  water.  The  ore  is  put  into  the  cylinder  through 
a  door  in  one  end,  revolved  until  the  running  water  has  freed  it 
from  all  its  associated  clay,  and  then  removed  through  the  same 
opening.  This  is  a  crude  method  and  looses  a  large  part  of  the 
small  ore,  but  it  cleanses  what  remains  thoroughly,  and  has  the 
advantage  of  being  cheap  for  work  on  a  small  scale.  There  is 
less  small  ore  in  the  Georgia  region  than  in  the  Batesville 
country,  and  the  loss  is  therefore  less  than  it  would  be  in  the 
latter  place.  The  amount  of  loss  might  be  reduced  by  making 
the  perforations  in  the  cylinder  smaller;  but  there  is  a  limit  to 
this  reduction,  for  if  the  holes  are  too  small  they  will  clog. 

The  system  of  sizing  and  jigging  is  undoubtedly  the  one  best 
suited  for  the  Batesville  region,  and  requires  the  only  expensive 
plant  needed  in  either  the  mining  or  the  preparation  of  the  ore. 
A  position  suitably  situated  as  regards  the  source  of  the  ore,  the 
water  supply,  and  transportation  should  be  selected  for  the 
washer.  The  water  supply  is  of  prime  importance  and  a  washer 
ought  always  to  be  placed  where  a  bountiful  flow  can  be  had. 
The  best  position  is  on  one  of  the  numerous  creeks  or  large 
springs  of  the  manganese  area.     It  is  not  advisable  to   place  it 
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DO  the  hill  from  which  the  ore  is  being  taken,  as  it  is  generally 
difficult  and  expensive  to  get  water  in  such  places^  and  when  the 
hill  is  worked  out  the  washer  is  in  an  inconvenient  position  for 
ore  from  other  hills.  A  central  position  in  the  lower  country  is 
desirable,  and  it  should  be  so  selected  as  to  "be  accessible  to  the 
greatest  number  of  ore  localities  and  to  transportation. 

TRANSPOBTATION, 

The  Batesville  branch  of  the  St.  Louis,  Iron  Mountain  and 
Southern  Railway  leaves  the  main  line  at  Newport  and  runs  north- 
west, up  the  north  side  of  the  White  River,  for  twenty-nine  miles 
to  Batesville.  Thence  it  goes  northwest  for  twelve  miles  and 
terminates  at  Cushman,  almost  in  the  center  of  the  manganese 
region. 

None  of  the  workable  deposits  of  manganese  are  more  than 
twelve  miles  from  Cushman,  and  most  of  them  are  within  six 
miles  of  that  town  or  of  some  other  point  on  the  railway  between 
there  and  Batesville.  Many  of  the  best  localities  are  not  more 
than  two  or  three  miles  distant  ffem  the  railway,  and  the  South- 
ern mine  is   less  than  one  mile. 

The  country  roads  connecting  with  points  on  the  railway 
could  be  made  good  at  a  small  expense,  for  the  large  amount  of 
limestone  and  loose  chert  throughout  the  region,  if  covered  with 
gravel  and  kept  in  proper  repair,  would  make  an  excellent  road 
bed. 

Teams  can  be  hired  at  from  $2.00  to  $3.00  per  day,  but 
'hauling  in  this  region  can  be  done  much  more  cheaply  by  contract 
than  by  day  work.  Railway  freights  from  Cushman  to  St  Louis 
are  $2.25  per  ton;  to  Chicago  from  $3.75  to  $3.85,  according  to 
the  part  of  the  city;  and  from  Cushman  to  Pittsburg,  Johns* 
town,  or  Allegheny  City,  about  $5,00  per  ton.  All  these  places 
are  accessible  markets  for  Batesville  manganese,  though  at  pres- 
ent almost  all  the  ore  from  that  region  is  consumed  by  the  Ill- 
inois Steel  Company,  of  Chicago. 

In  former  times,  before  the  railway  was  built  from  Newport 
to  Cushman,  the  ore  was  hauled  to  the  White  River,  taken  in 
4)arges   to  Newport,  and  there  transshipped  to  the  cars.     For 
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some  of  the  manganese  localities  in  the  Lafferty  Creek  basin^ 
the  White  River  is  still  more  accessible  than  the  railway,  and 
in  such  cases  river  transportation  toBatesville  or  Newport  might 
be  used^  but  the  expense  and  loss  in  reshipping  the  ore  at 
these  places  are  items  to  be  considered.  The  ore  could  alsa 
be  shipped  by  barge  down  the  White  River  to  the  Mississippi 
and  thence  to  any  point  desired,  but  railway  rates  are  usually  sa 
adapted  as  to  compete  successfully  with  such  a  method  of  trans-^ 
portation. 

FUEL. 

The  Batesville  manganese  region  is  a  heavily  timbered 
country,  and  good  hardwood  can  be  had,  in  large  quantities,  at 
from  $1.60  to  $2.50  per  cord.  Wood  can  be  cut  on  private  land 
for  $1.25  per  cord.  No  workable  coal  is  found  nearer  than  that 
of  the  central  Arkansas  region,  and  this  could  not  compete  witU 
good  cord  wood  at  the  above   prices. 

TOWNS  AND  SETTLEMENTS. 

The  largest  town  in  the  manganese  region  is  Batesville,  and 
the  next  most  important  places  are  the  smaller  settlements  of 
Cushman  and  Barren  Fork. 

Batesville. — Batesville  is  situated  on  the  north  side  of  the 
White  River,  twenty-nine  miles  above  Newport,  and  is  connected 
with  the  latter  town  by  the  Batesville  branch  of  the  St.  Louis, 
Iron  Mountain  and  Southern  Railway.  It  is  one  of  the  oldest 
towns  in  the  State  of  Arkansas  and  was  first  settled  in  1815.  It 
is  the  county  seat  of  Independence  county,  has  about  3,000  in- 
habitants, and  is  one  of  the  largest  towns  in  the  northern  part  of 
the  state.  The  White  River  is  navigable  as  far  as  Batesville  at 
almost  all  times  of  the  year,  and  at  proper  stages  of  the  water 
steamers  can  go  up  the  river  for  over  two  hundred  miles  above 
the  town. 

Batesville  has  always  been  identified  with  the  manganese 
industry;  and,  with  the  facilities  of  the  town  for  both  railway  and 
river  transportation,  it  is  an  important  source  of  supply,  not  only 
for  the  country  immediately  to  the  north,  but  also  for  the  numer-^ 
ous  smaller  towns  on  the  upper  part  of  the  White  River. 
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Cuahman. — The  town  of  Cushman  is  situated  in  14  N.,  7  W., 
the  west  half  of  section  9^  and  occupies  a  position  on  the  divide* 
between  the  Polk  Bayou  and  the  Lafferty  Creek  basins.  Im- 
mediately west  of  the  town,  the  waters  drain  into  Blowing  Cave 
Creek  and  thence  into  East  Lafferty.  Immediately  east  of  it^ 
the  waters  drain  into  Prairie  Creek  and  thence  into  Polk 
Bayou. 

Cushman  is  the  terminus  of  the  Batesville  branch  of  the 
St.  Louis,  Iron  Mountain  and  Southern  Railway.  It  is  a  village 
of  about  a  hundred  inhabitants  and  is  the  shipping  point  for  all 
the  manganese  mined  within  accessible  distances.  It  is  also  the 
point  from  which  freight  teams  start  for  Barren  Fork,  La  Crosse^ 
Melbourne,  Lunenburg,  and  numerous  other  towns  to  the  north 
and  west.  The  region  in  that  direction  has  no  railway,  and  al- 
most all  supplies,  with  the  exception  of  those  that  are  taken  up. 
the  White  River,  have  to  go  through  Cushman. 

Barren  -Fori.— Barren  Fork,  also  known  as  Dry  Town,  ia 
a  settlement  of  about  200  inhabitants  in  Izard  county,  six  miles, 
north  of  Cushman.  It  lies  near  the  northern  limit  of  the  man- 
ganese region  and  is  on  the  mail-route  from  Cushman  to  Mel- 
bourne.    As  yet  it  has  no  railway. 

Other  towns  in  the  neighborhood  of  the  manganese  region. — 
Outside  of  the  manganese  region,  there  are  numerous  other 
towns.  Along  the  line  of  the  Batesville  branch  of  the  St.  Louis^ 
Iron  Mountain  and  Southern  Railway  are  the  towns  of  Moore- 
field,  Sulphur  Rock,  and  Newark;  while  still  further  east,  the 
town  of  Newport,  situated  on  White  River  at  the  junction  of  the 
Batesville  branch  road  with  the  main  line  of  the  St.  Louis,  Iron 
Mountain  and  Southern  Railway,  is  rapidly  growing  in  import-- 
ance.  Its  facilities  for  water  and  railway  transportation  have 
materially  favored  its  growth.  The  old  town  of  Jacksonport^ 
on  the  Batesville  and  Brinkley  Railway,  is  situated  on  the 
White  River,  about  four  miles  above  Newport. 

Besides  the  places  already  mentioned,  the  villages  of  James- 
town and  Marcella  are   beautifully  situated   at  the  foot  of  the 
Boston  Mountains,  and  the  old  settlement  of  Elgin   is  on   the^ 
Black  River  about  twenty-five   miles  east  of  Batesville. 
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Outside  of  the  towns,  the  country  is  fairly  well  settled  by  a 
farming  population,  and  the  numerous  places  marked  on  the  map^ 
hut  not  mentioned  above,  are  post-offices  or  country  stores. 


CHAPTER  XII. 

THE  MANGANESE  DEPOSITS  OF  SOUTHWESTERN 

ARKANSAS. 

LOCATION  OF  THE  DEPOSITS. 

Oeographic  position. — Under  the  heading  ^^southwestern  Ar- 
kansas'^ are  included  the  manganese  localities  found  at  intervals, 
from  Pulaski  county  on  the  east,  to  Montgomery  and  Polk 
counties  on  the  west.  The  name  is  employed  here  not  only 
because  it  is  the  term  by  which  the  region  is  commonly  known 
throughout  the  state,  but  because  it  is  thus  distinguished  from  the 
'^  northern  Arkansas ''  or  ^'  Batesville  manganese  region.^'  The 
area  in  question  lies  entirely  in  the  western  half  of  the  state,  and 
though  it  is  nearer  the  central  east-west  line  than  to  the  southern 
border,  it  is  well  within  the  southwestern  quarter  of  the  state. 

The  manganese  area  in  this  region  includes  a  belt  of  country 
running  from  near  Little  Rock  in  Pulaski  county,  in  a  south- 
west direction  to  Hot  Spring  county,  thence  west  to  Montgomery 
county,  and   from   there  a  little  north  of  west   through  Polk 
county,  almost  to  the  boundary  of  the  Choctaw  Nation  in  Indian 
Territory.     This  area  varies  in  width  from  four  or  five  to  ten  or 
twelve  miles,*  and  in  length  it  is  about  a  hundred  and  twenty-five 
miles.     It  is  not  to  be  inferred  that  manganese  is  found  every- 
where throughout  this  belt,  as  the  various  localities  are  often 
separated  by  many  miles  of  territory  in  which  no  ore  occurs ;  but 
wherever  the  ore  deposits  are  found,  they  are  similar  in  character^ 
mode  of  occurrence,  and  geologic  relations,  and  are  therefore 
most  consistently  treated  together,  as  different  exposures  of  the 

*  This  width  refers  Bimply  to  the  part  of  the  res^lon  in  which  manganeM  hai  been^ 
foand,  and  not  to  the  entire  width  of  the  noraealite  ar«a  (tee  pagee  806-807)  which  ii  fronv 
twentj  to  twentj-liTe  miles  in  width. 
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same^  or  closely  related  ore-bearing  rocks.  The  belt  inoludes 
parts  of  Pulaski^  Saline,  Garland^  Hot  Spring,  Pike,  Mont- 
gomery, and  Polk  counties. 

Topographic  position. — The  region  in  which  manganese  oc- 
"Ours  in  southwestern  Arkansas  is  a  rugged,  mounteinous  area,  with 
its  higher  elevations  reaching  from  1,500  to  probably  over  2^000 
feet  above  the  sea,  and  from  500  to  possibly  over  1,000  feet  above 
the  surrounding  drainage.  It  is  the  first  really  mountainous 
conntry  met  going  north  from  the  low,  flat,  pine  region  of  the  ex- 
treme southern  part  of  the  state.  On  the  north  it  is  separated  from 
the  valley  of  the  Arkansas  River  by  a  parallel  range  of  moun- 
tains, rising  sometimes  several  hundred  feet  higher  than  those  in 
qnestion,  and  known  in  different  places  by  different  names, 
among  which  are  White  Oak  Mountain,  Cedar  Mountain,  Blue 
Mountain,  Fcurche  Mountain,*  Irons'  Fork  Mountain,  Rich 
Mountain,  and  others. 

Between  these  two  series  of  mountains,  throughout  the  larger 
part  of  the  region,  the  Ouachita  River  occupies  an  east  and  west 
valley,  varying  from  two  or  three  to  twelve  miles  or  more  in 
width.  The  river  rises  in  Indian  Territory,  a  short  distance 
west  of  the  northwestern  corner  of  Polk  county,  and  keeps  a 
general  easterly  course  for  almost  seventy-five  miles;  though  to 
follow  the  curves  of  the  river,  the  distance  would  be  much  greater. 
At  the  western  end  of  Garland  county,  it  turns  southeast,  cutting 
directly  across  the  mountains  and  forming  numerous  steep-sided 
ravines.  At  the  old  town  of  Rockport,  where  it  emerges  from 
the  mountains,  it  changes  its  course  to  a  general  southerly 
direction,  and  flows  thence  south  and  southeast  until  it  empties 
into  the  Black  River,  a  tributary  of  the  Red  River,  in  the  state 
of  Louisiana.  ' 

From  the  intimate  association  of  the  Ouachita  River  with  the 
novaculite  mountains  in  which  the  manganese  occurs,  the  latter 
have  been  named  the  Ouachita  Mountains  by  the  State  Geologist. 
Previously,  no  name   had  been  given  to  the  range  as  a  whole, 

*This  name  does  not  refer  here  to  Fourche  Mountain  on  the  outskirts  of  Little  Rock. 
It  is  the  same  name  lecally  applied  to  a  part  of  the  mountains  in  Perry  countj  and  to  a  part 
in  Polk  and  Montgomery  connties,  both  of  which  areas  are  immediately  south  of  Fonrche  la 
Faye,  a  tributary  of  the  ArkansM  Rirer. 
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though  many  local  names  were  employed.  Thus  in  the  region 
of  Pulaski  conntyy  west  of  Little  Rock^  the  mountains  are 
locally  called  the  Fletcher  Range ;  near  Hot  Springs,  in  Garland 
t^ounty^  they  are  known  as  the  Hot  Springs  Mountains;  in  the 
northern  part  of  Clark  and  Hot  Spring  counties  they  are  known 
as  the  Trap  Mountains ;  at  the  head  waters  of  the  Little  Missouri 
River,  they  are  known  as  the  Little  Missouri  Mountains ;  and 
around  the  head  waters  of  the  Cossatot  River  they  are  known  as 
the  Cossatot  Mountains.  Besides  these  names  of  groups  of 
mountains,  individual  names  are  given  in  many  places  to  those 
elevations  which  form  marked  features  of  the  region.  This  is 
-especially  true  of  the  country  between  the  head  waters  of  the 
Little  Missouri  and  the  Cossatot  Rivers:  here  Leader,  Hannah, 
Brushy,  Raspberry,  Tall  Peak,  Briar  Creek,  He,  Prairie, 
McKinley,  Porter,  Sugar  Tree,  State  House,  Little  Musgrove, 
^Shadow  Rock,  Buckeye,  and  numerous  other  mountains  are  well 
known  throughout  the  region  by  their  individual  names.  . 

Speaking  in  a  general  way,  the  Ouachita  Mountains  consist 
of  a  series  of  parallel  ridges,  running  in  a  direction  varying  from 
east-west  to  northeast-southwest,  and  to  northwest-southeast;  but 
oharacterized,  on  the  whole,  by  a  general  east- west  trend.  Some- 
times eight  or  ten  of  these  ridges  are  crossed  in  a  distance  of  as 
many  miles,  and  at  other  times  the  whole  range  is  represented  by 
less  than  half  that  number  scattered  over  a  breadth  of  twice  the 
distance.  Whatever  the  local  strike  in  a  given  area  may  be,  all 
the  ridges  of  that  area  follow  a  general  parallel  direction,  often 
curving  around  and  joining  each  other  at  their  extremities,  and 
thus  forming  a  zigzag  across  the  country  in  a  manner  directly 
dependent  on  the  disturbances  to  which  the  region  has  been 
exposed.  The  ridges  are  separated  by  mountain  streams,  and 
frequently  rise  abruptly  to  a  sharp  serrated  crest  only  a  few 
feet  wide.  Viewed  from  a  distance,  they  form  long,  narrow  ele- 
vations with  undulating  summits,  rising  in  isolated  peaks,  or 
sloping  off  into  low  places,  through  which  mountain  trails  find 
passages  across  the  country.  Sometimes  the  ridges  run  contin- 
uously for   many  miles   without  any  considerable   break,   but 
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occasionally  a  stream  has  cut  its  way  through  and  forms  a  steep^ 
rocky  gorge,  as  it  intersects  successively  each  ridge  in  its  course. 

PREVIOUS     GEOLOGIC     INVESTIGATIONS     OF     THE    MANGANESE 

DEPOSITS. 

Before  the  explorations  of  the  present  Survey,  very  little 
geologic  work  had  been  done  on  the  manganese  deposits  of 
southwestern  Arkansas.  Dr.  David  Dale  Owen  in  his  report  of 
1859-60*  gave  a  description  of  the  region,  but  did  not  mention 
the  existence  of  the  manganese  ores.f 

^  In  1888,  Dr.  T.  B.  Com&tock];  described  a  number  of  man- 
ganese localities  in  the  region  in  question,  and  gave  numerous 
analyses.  His  work  on  this  subject,  however,  was  subordinate 
to  his  investigation  of  the  gold  and  silver  question,  and  therefore 
was  not  carried  out  in  detail.  References  to  his  descriptions  of 
different  localities  will  be  made  later  on,  in  the  detailed  discussion 
» of  the  region. 

The  annual  reports  of  the  Mineral  Resources  of  the  United 
States,  from  1886  to  1888,  published  by  the  United  States 
Geological  Survey,  contain  short  notices  by  Mr.  Joseph  D« 
Weeks  of  the  manganese  ores  of  southwestern  Arkansas,  and 
several  analyses  are  given. 

The  issue  of  the  Age  of  Steel,  of  St.  Louis,  Missouri,  for 
September  3,  1887,  contains  an  article  on  the  manganese  de- 
posits of  Polk  county^  together  with  analyses  and  a  general  de- 
scription of  the  region. 

With  the  exception  of  the  above  mentioned  publications^ 
and  of  occasional  newspaper  articles  and  reports  of  mining  com- 
panies, no  further  information  on  the  deposits  in  question  has 
as  yet  appeared. 

*  Seoond  Report  of  m  Geological  Beconnoiaaance  of  the  Middle  aod  Southern  Countiea 
of  Arkansai,  1859  and  1860. 

t  Dr.  Owen  gave  ftn  analysia  of  manganese  ore  in  this  report,  hut  the  Bpeclmen  was 
from  the  BatesTille  region  in  the  northern  part  of  the  state.  He  also  gare  analyses  showing 
the  existence  of  manganese  in  the  soils  of  Tarious  counties  in  Arkansas.  His  iBvestlgationi 
in  the  BatesTille  region,  puhlished  in  his  report  of  1858,  hare  already  heen  described  on 
pages  100-103,  and  145-154  of  the  present  report. 

X  Geological  Surrey  of  Arkanaaa,  Vol.  I.,  1888,  J.  C.  Branner,  State  Geologist. 
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HISTORY  OF  MANGANESE  MINING  IN  SOUTHWESTERN  ARKANSAS. 

Manganese  mining  in  southwestern  Arkansas  has  been 
carried  on  to  only  a  limited  extent,  probably  not  more  than 
thirty  tons  of  ore  having  been  shipped  from  the  whole  region* 
A  great  many  places  have  been  prospected,  but  the  only  con- 
siderable amount  of  work  that  has  been  done  is  on  the  land 
of  the  Arkansas  Development  Company,  in  Polk  county, 
on  the  Brushy  Creek  branch  of  the  Cossatot  River.  This 
company  worked  during  the  year  1888  and  continued  until 
April,  1889,  when  operations  were  suspended.  A  shaft  was 
sunk  to  a  depth  of  a  hundred  and  forty-two  feet,  and  a  tunnel 
about  five  hundred  feet  long  was  run  in  the  side  of  a  mountain. 
Many  prospect  openings  were  also  made  in  the  surrounding 
country,  irora  the  head  waters  of  the  Cossatot  to  those  of  the 
Saline  River.  About  twenty  tons  of  ore  are  said  to  have  been 
taken  out  of  the  shaft  on  Brushy  Creek,  and  this  represented 
practically  all  the  manganese  that  was  mined  by  this  company. 

About  the  same  time,  the  Capitol  Land  and  Mining  Com- 
pany carried  on  operations  in  Pulaski  county,  twelve  miles  west 
of  Little  Rock,  in  what  is  called  the  Fletcher  Range.  A  few 
small  prospect  pits  and  tunnels  were  made,  but  no  ore  was 
shipped,  and  work  has  been  discontinued. 

The  only  shipments  of  manganese  ore  known  to  have  beea 
made  from  the  whole  region,  were  a  few  tons  of  the  ore  mined 
by  the  Arkansas  Development  Company  and  four  tons  from  a 
small  pit  on  the  Burns  Claim,  on  North  Mountain,  near  th& 
head  waters  of  the  Little  Missouri  River.  A  sample  of  five 
hundred  pounds  was  also  shipped  by  Mr.  Webb  Thornton,  from, 
his  claim  on  Leader  Mountain,  some  five  miles  south  of  North 
Mountain. 

Besides  the  above  mentioned  localities,  many  small  prospect 
pits  have  been  made  throughout  the  mountains  wherever  man- 
ganese crops  out,  but  no  ore  has  been  shipped  from  them.     Most 
of  them  have  been  made  by  the  Arkansas  Development  Company/ 
and  by  Mr.  Burns. 

20  Geological.  Vol.  i.,  1890. 
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MINING   POSSIBILITIES. 

Cause  of  failures,  —  Manganese  mining  in  southwestern 
Arkansas  has  not  yet  been  carried  on  successfully.  The  reason 
for  this  lack  of  success  is  commonly  suppqsed  to  be  the  distance 
of  the  deposits  from  railway  transportation.  The  manganese 
area  of  Pulaski  county  is  from  seven  to  twelve  miles  from  the 
line  of  the  St.  Louis,  Iron  Mountain  and  Southern  Railway, 
while  that  of  Montgomery  and  Polk  counties  is  from  forty  to 
sixty  miles  from  the  railway.  This  lack  of  transportation  facil- 
ities may  in  some  cases  have  prevented  further  attempts  than 
have  been  made  to  mine  the  ore,  but,  even  if  there  were  better 
facilities,  the  peculiar  mode  of  occurrence  of  the  ore  would  al- 
ways prevent  the  development  of  the  deposits  on  a  commer. 
oially  important  scale. 

The  aggregate  amount  of  manganese  in  the  region  is  un- 
doubtedly large,  but  it  is  distributed  over  an  extensive  area,  and 
in  almost  all  places  it  is  hopelessly  scattered  through  the  rock 
in  small  nests  and  seams.  If  these  nests  and  seams  were  in  suf- 
ficient quantities  the  rock  might  be  crushed  and  the  ore  concen- 
trated by  washing,  but  the  pockets  containing  them  are  too 
small  to  permit  the  expense  of  machinery.  It  is  a  popular  idea 
that  the  ore  will  increase  in  quantity  at  a  depth,  but  there  is 
absolutely  no  reason  to  expect  this,  as  such  deposits  are  just  as 
likely,  and  sometimes  even  more  likely,  to  become  poorer  at  a 
depth  than  they  are  to  improve. 

From  the  nature  of  the  deposit  it  is  to  be  expected  that  the 
ore  at  a  depth  is,  at  the  very  best,  no  more  plentiful  than  in  the 
surface  outcrops  of  the  so-called  **  lodes" ;  that  is,  that  it  exists 
as  a  series  of  pockets  separated  by  greater  or  less  distances 
of  barren  rock.  With  very  few  exceptions  the  pockets  of  ore 
seen  on  the  surface  can  not  be  worked  at  a  profit,  and  in  the  rare 
oases  where  a  small  profit  might  be  made,  the  amount  would  not  be 
enough  to  pay  for  sinking.through  the  barren  rock  that  separates 
the  pockets  from  each  other.  The  intervening  thickness  of  bar- 
ren rock  is  much  greater  than  the  depth  of  any  one  pocket;  and, 
moreover,  it  is  possible  that  the  ore  in  the  deeper  pockets  has 
undergone  a  lesser  degree  of  segregation  than  the  ore  near  the 
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surfaoe^  and  that  it  may,  therefore^  be  in  even  a  still   less  avail- 
able form  than  the  latter. 

Areas  operated. — Two  areas  in  the  region  in  question  have 
been  the  scats  of  considerable  excitement  over  the  manganese  de- 
posits: one  is  in  the  Fletcher  Range^  in  western  Pulaski  county ; 
the  other  is  in  the  region  of  the  head  waters  of  the  Little  Mis- 
souri and  Cossatot  Rivers,  in  Montgomery  and  Polk  counties. 
In  Pulaski  county  the  deposits  are  not  su«h  as  to  warrant  the 
expenditure  of  any  capital  whatever  in  exploring  them.  The 
ore  occurs  both  in  place  in  the  rock,  and  as  a  bog  ore  in  the  Mc- 
Henry  Creek  bottoms.  The  amount  of  ore  in  the  rock  is  in- 
significant, while  the  bog  ore,  though  sometimes  in  considerable 
quantities,  is  mostly  of  too  poor  grade  to  be  of  any  value.  It 
generally  contains  considerable  quantities  of  iron  and  in  most 
cases  blends  into  a  very  impure  bog  iron  ore,  as  shown  by  the 
analyses  on  page  330.  Small  areas  of  fairly  good  ore  can  be 
found  in  the  poorer  bog  ore,  and  specimens  can  be  collected 
which  contain  over  50  per  cent  of  manganese,  but  the  quantity 
of  such  ore  available  for  commercial  purposes  is  too  small  to  be 
mined.*  It  is  clear,  therefore,  that  no  manganese  mining  can  be 
profitably  carried  on  in  Pulaski  county. 

In  the  region  of  Montgomery  and  Polk  counties  some  of 
the  surface  exposures  of  manganese  ores  are  not  so  small  as  those 
in  Pulaski  county,  and  in  a  few  cases  the  deposits  could  be 
worked  at  idle  times  by  people  living  in  the  country,  and  fair 
returns  could  be  obtained.  The  pockets  could  not  be  followed 
down  to  any  considerable  depth,  however,  as  they  would  soon 
be  exhausted;  and  the  industry  would  not  warrant  the  invest- 
ment of  capital.  The  value  of  the  small  quantities  of  ore  that 
might  be  mined  in  Montgomery  and  Polk  countieS;  would  be  in 
the  considerable  percentage  of  peroxide  of  manganese,  or  pyro- 
lusite,  that  many  of  them  contain.  Such  ores^  when  pure,  are 
valuable  for  use  in  the  manufacture  of  chlorine  and  for  other 
■chemical  purposes;  while  those  ores  which  are  also  free  from  iron 
are  valuable  in  the  manufacture  of  glass.  For  these  uses  many 
of  the  southwestern  Arkansas  ores  would  bring  from  forty  to 

*  For  luriber  details  about  this  deposit  see  pp.  828. 
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eighty  dollars  per  ton,  and  the  best:  grades  would  bring  evei^ 
more.  This  value  is  much  greater  than  that  paid  for  ore  for  the 
manu&ctnre  of  spiegeleisen  or  ferro-manganese^  which  brings 
from  ten  to  twenty  dollars  per  ton,  according  to  the  quality  > 
moreover,  the  ores  of  Montgomery  and  Polk  counties  are  gen- 
erally,  though  not  always,  too  high  in  phosphorus,  so  far 
as  the  analyses  at  hand  show,  to  be  desirable  as  a  source  of 
spiegeleisen  and  ferro-manganese. 

In  the  country  between  the  manganese  area  of  Puiaski  county 
and  that  of  Montgomery  and  Polk  counties,  that  is,  in  Saline^ 
Garland,  Hot  Spring,  and  Pike  counties,  manganese  is  occasion- 
ally found,  but  it  is  in  insignificant  quantities.  The  iron  ore 
which  frequently  occurs  in  this  area  is  often  mistaken  by  pros- 
pectors for  manganese  and  maoy  claims  have  been  taken  up  un^ 
der  this  delusion. 

It  becomes  evident,  therefore,  that  in  southwestern  Arkansas^ 
that  is,  in  the  region  from  Pulaski  county  on  the  east  to  Mont-^ 
gomery  and  Polk  counties  on  the  west,  no  extensive  mangan- 
ese mining  can  be  carried  on  at  a  profit.  There  are  no  large- 
bodies  of  ore  anywhere  on  the  surface,  and  the  nature  of  the 
deposit  is  such  as  to  make  it  utterly  useless  to  attempt  to  search, 
for  more  extensive  bodies  at  a  depth. 

THE  GEOLOGIC  RELATIONS  OP  THE  MANGANESE  DEPOSITS.* 

The  manganese  deposits  of  southwestern  Arkansas  represent 
an  interbedded  stratum  in  the  upper  part  of  the  gray  novaculite 
of  that  region.  The  novaculite  rock  is  overlain  and  underlain 
by  a  series  of  shales,  quartzites,  and  sandstones,  which  are  desti- 
tute, so  far  as  known,  of  any  commercially  important  deposits  of 
manganese  ore.  As  regards  the  geologic  age  of  the  ore- bearing 
rocks,  all  that  can  at  pi^sent  be  said  is  that  they  are  probably  of 
Lower  Silurian  age.     The  only  fossils  that  have  been  found  are 

*  Thegeologf  and  structaral  features  of  the  Oaacbita  Mountains,  in  which  the  man- 
ganese deposits  are  situated,  have  been  worked  out  bj  Mr.  L.  S.  Orinwold,  of  the  Surrey,  in 
his  iuTestigation  of  the  noTaculite  series,  and  will  be  described  bf  him  in  Vol.  Ill  of  the  re- 
ports of  the  Qeological  Surrey  for  1890.  The  subject  will  therefore  be  mentioned  here  only  in 
a  general  way,  and  to  such  an  extent  as  Is  necessary  for  the  proper  comprehension  of  the  oc- 
currence of  the  manganese  ores.  For  further  details  the  reader  is  referred  to  the  above  men-, 
tioned  report. 
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«  few  graptolites  discovered  by  Mr.  L.  8.  Griswold,  of  the 
Survey,  in  the  shales  associated  with  the  novacalites.  These 
have  been  determined  by  Professor  Henry  8,  Williams  and  by 
Dr.  R.  B.  Gurley  as  belonging  mostly  to  the  Trenton  horizon  of 
the  Lower  Silurian;  but  certain  specimens  from  one  locality  were 
determined  by  Dr.  Gurley  as  Calciferous  forms.  As  the  exact 
stratigraphic  relations  of  some  of  the  graptolite  shales  to  the  no- 
vaculite  are  as  yet  uncertain,  no  more  definite  correlation  can  at 
present  be  made.* 

To  the  north  of  the  Ouachita  Mountains  are  a  series  of 
sandstones,  quartzites,  and  shales,  comprising  the  mountains  on 
the  divide  between  the  waters  of  the  Ouachita  and  the  Arkansas 
Rivers.  These  rocks  are  regarded  by  the  State  Geologist  as 
being  of  Lower  Carboniferous  age,  and  are  bordered  on  the 
tiorth  by  the  Coal  Measures  of  the  Arkansas  valley. 

In  their  eastern  part  the  Ouachita  Mountains  come  into 
direct  contact  with  the  horizontal  Tertiary  beds  of  that  section. 
In  their  western  part  they  are  bounded  on  the  south  by  a  much 
less  rugged,  but  equally  disturbed  area  of  Paleozoic  (probably 
Lower  Carboniferous)  sandstones  and  shales,  which  extend 
thence  south  for  about  twenty  miles,  until  they  come  in  contact 
with,  and  disappear  under  the  horizontal  Cretaceous  and  Ter- 
tiary strata.  The  relation  of  the  sandstones  and  shales  south  of 
the  Ouachita  Mountains  to  those  to  the  north,  has  not  yet  been 
thoroughly  worked  out,  but  it  seems  probable,  as  has  been  sug- 
gested by  the  State  Geologist,  that  they  may  represent  the  same 
horizon  and  may  form  the  two  sides  of  a  wide  anticline,  each 
comprising  numerous  subordinate  folds ;  and  that  the  Ouachita 
Mountains  represent  older  rocks,  and  occupy  a  position  in  the 
breach  of  this  great  anticline. 

THE   ROCKS   OF   THB   MANGANESE   DEPOSITS. 

Nature  of  the  rocks. — The  novaculite  with  which  the  man- 
ganese ores  are  associated  is  a  siliceous  deposit  reaching  a  maxi- 
mum thickness  of  probably  four  hundred  and  fifty  feet,  and  made 

<'  For  the  relation  of  the  manganese  dep  sits  of  the  BatesTllle  region  to  thoee  of  south* 
.%«stern  Arkaosas,  see  pages  99-100. 
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up  of  strata  differiog  considerably  in  physical  character.  It  ia 
composed  of  almost  pure  anhydrous  silica  and  varies  from  a 
translucent,  hard  rock  of  a  white,  gray,  or  buff  color,  having  a 
conchoidal  fracture  and  porcelain-like  appearance,  to  a  soft^ 
porous  or  granular  material,  of  a  massive  structure  and  of  an  irreg- 
ular fracture.  The  top  of  the  bed  is  occupied  by  the  manganese- 
and  iron-bearing  stratum,  which  contains  the  ores  in  varioua 
forms,  from  a  mere  stain  to  a  network  of  thin  pockets  and 
seams.  The  part  of  the  bed  thus  impregnated  varies  from  four 
or  five  feet  to  fifly  feet  in  thickness,  and  in  some  rare  casea 
probably  more. 

Immediately  underlying  the  ore-bearing  stratum  is  the^ 
'^  Ouachita  stone ''  stratum,  the  source  of  the  best  of  the  cele-^ 
brated  Arkansas  whetstones.  This  is  fully  described  by  Mr. 
Griswold,  and  it  is  sufficient  to  say  here  that  it  is  softer  than  th& 
rest  of  the  novaculite  bed  and  has  a  fine  grained,  porous  struct- 
ure. It  often  disappears  altogether,  and  even  where  it  is  present 
its  outcrop  is  usually  obscured  on  account  of  its  softness,  It  ia 
underlain  by  a  much  harder  novaculite,  passing  below  into  a  bed 
of  a  shaly  structure,  from  forty  to  a  hundred  feet  in  thickness.. 
From  this  point  to  the  base  of  the  formation  the  rock  is  massive 
and  hard,  and  frequently  contains  exceptionally  hard  strata 
which,  on  account  of  their  greater  resistance  to  weathering,  often 
form  the  most  prominent  feature  on  the  summits  of  the  ridges.. 
This  part  of  the  series  varies  from  less  than  a  hundred  to  over 
two  hundred  feet  in  thickness. 

The  ore-bearing  stratum  frequently  partakes  more  or  less  of 
the  soft  nature  of  the  '^  Ouachita  stone  ",  and  is  sometimes  even 
softer,  being  easily  crumbled  in  the  fingers.  From  this  state 
there  are  all  stages  of  hardness,  until,  in  many  places,  the 
rock  assumes  a  flinty,  porcelain-like  structure  similar  to  that  seea 
in  the  lower  part  of  the  formation. 

Quartz  veins  from  the  fraction  of  an  inch  to  several  inchea 
in  thickness  are  numerous  in  the  novaculite,  and  sometimes  a 
network  of  thin  quartz  veins  runs  in  all  directions  through  the 
rock.  In  places,  the  novaculite  itself  has  been  converted  to  a 
semi-crystalline  quartz  rock,  and  contains  small  cavities  lined 
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with  crystals  of  the  same  material.  The  novaoalite  is  much 
jointed,  the  joints  running  at  right  angles  to  the  bedding  as  well 
as  at  various  other  angles  to  it,  though  they  are  generally  steeply 
inclined. 

Though  the  novaculite  is,  in  some  cases,  probably  over  four 
hundred  feet  in  thickness,  yet  elsewhere  it  has  less  than  half  this 
thickness,  and  in  some  cases  it  possibly  thins  out  altogether,  re- 
appearing beyond.  As  already  stated,  the  novaculite  forms  the 
most  prominent  feature  of  the  ridges  that  characterize  the  region. 
These  sometimes  thin  out  and  gradually  slope  off  to  the  level  of 
the  surrounding  country  in  a  manner  that  could,  probably,  be 
best  explained  by  supposing  a  gradual  thinning  or  local  disap- 
pearance of  the  novaculite. 

Immediately  overlying  the  novaculite,  and  exposed  on  the 
slopes  of  the  ridges,  is  a  series  of  gray  and  black  siliceous  shales* 
interbedded  with  more  massive  strata  somewhat  resembling  in 
nature  the  underlying  novaculite,  but  always  showing  on  closer 
examination  a  more  or  less  shaly  structure,  and  breaking  in  large 
flat  slabs.  The  rock  is  frequently  pierced  by  a  network  of  thin 
quartz  veins  and  also  contains  alternating  lenticular  strata  of 
brown  hematite.  Frequently  the  siliceous  shales  have  uuder- 
gone  a  partial  decompoj^ition  and  have  been  converted  into  a  fine 
siliceous  powder.  Thid  is,  however,  only  local,  and  there 
frequently  occur  strata  of  partly  disintegrated  rock,  carrying 
fragments  of  the  as  yet  undecomposed  parts  and  interbedded 
v^ith  unaltered  strata.  The  disintegration  is  especially  markeil 
near  the  contact  of  the  shales  with  the  ore-bearing  part  of  the 
novaculite,  and  also  near  the  hematite  deposits  in  the  shales 
themselves.  Good  measurements  of  the  thickness  of  the  siliceous 
shales  can  rarely  be  made  on  account  of  the  highly  disturbed 
condition  of  the  rocks,  but  they  probably  aggregate,  in  their 
maximum  development,  about  three  hundred  feet,  though  they 
are  often  much  thinner. 

Overlying  the  shales  are  a  series  of  gray  and  brown  sand- 
stones ;  and  above  these  is  a  great  thickness  of  shales  varying 

■='  These  slialea  are  included  bj  Mr.  Griswold  ia  his  noTaculito  Mfiea. 
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from  gray  and  black  to  yellow  and  brown.  These  rocks,  though 
sometime  seen  in  the  synclinal  troughs  of  the  novaculite,  have 
no  connection  with  the  occurrence  of  the  ores  of  the  region,  and 
the  reader  is  referred  to  the  report  already  mentioned  for  further 
details. 

Below  the  novaculite  bed  there  is  a  series  of  yellow,  brown, 
or  gray  shales,  underlain  by  a  series  of  black  and  gray  shales 
with  sandstone  strata  and  sandy  limestones.     In  the   shales   of 
the  latter  series  are  found  the  Silurian  graptolites  already  men* 
tioned. 

Disturbance  of  the  rocks. — The  Ouachita  Mountains,  con- 
sidered as  a  whole,  represent  a  portion  of  the  southern  part  of  an 
area  of  great  disturbance,  which  extends  from  the  valley  of  the 
Arkansas  River  on  the  north,  in  a  southerly  direction  until  it 
disappears  beneath  the  undisturbed  Cretaceous  and  Tertiary 
strata  of  the  southern  part  of  the  state. 

The  detailed  structure  of  the  mountains  themselves  is  com- 
plicated, but  in  a  general  way  they  represent  a  series  of  parallel 
folds,  which  have  given  rise  to  the  general  east  and  west  ridges 
already  described.  Subsequent  erosion,  however,  has  greatly 
altered  the  character  of  the  surface  features  originally  given  by 
these  disturbances,  and  the  novaculite,  being  more  resistant  than 
the  associated  strata,  has  controlled  the  topography.  The  rocks 
were  originally  tilted  at  high  angles,  in  many  cases  vertically, 
■and  were  sometimes  overthrown.  Erosion  has  since  attacked 
them,  carried  away  the  more  easily  disintetrrated  beds,  and 
•exposed  the  upturned  edges  of  the  novaculite  on  the  crests  of  all 
the  higher  ridges,  leaving  that  rock  as  the  most  conspicuous  and 
characteristic  feature  of  the  country.  The  result  is  a  series  of 
novaculite  ridges  bordered  on  their  lower  slopes  by  the  associated 
shale  and  sandstone  strata.  Such  ridges  generally  exist  in  the 
forms  of  anticlines  and  monoclines.  The  summits  of  the  anti- 
clines are  often  removed  for  considerable  distances ;  the  folds 
are  also  often  overturned  and  show  a  dip  in  one  direction 
throughout.     In  the  latter  case  the  normal  anticlinal   dips   are 
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^sometimes  seen  at  the  base  of  the  ridges  in  the  deeper  river  and 
t)reek  passes. 

The  outcrop  of  the  ore-bearin&c  stratam  appears  in  the 
novaculite  at  or  near  its  contact  with  the  overlying  siliceous 
^hales^  and  is  generally  exposed  on  the  slopes  of  the  ridges  as  a 
consequence  of  the  erosion  of  the  latter  rocks.  It  can  be  traced 
in  this  position  across  the  country,  following  the  course  regulated 
by  the  structure  of  each  ridge.  In  some  places  it  is  represented 
by  bodies  of  ore,  in  others  by  simply  a  stain  in  the  rocks. 

THE   MAN«ANE8E   ORBS. 

Mineralogical  forma. — The  manganese  ores  of  southwestern 
Arkansas  represent  oxides  of  manganese  in  their  different  min- 
-eralogical  forms.  The  minerals  psilomelane  and  pyrolusite  have 
been  identified  beyond  a  doubt,  and  they  probably  comprise  the 
larger  part  of  the  ores  found  in  this  region.  They  frequently 
^oocur  in  intimate  association  with  each  other,  the  pyrolusite  often 
coating  masses  of  psilomelane  or  encrusting  the  interiors  of  cavi- 
ties lined  with  that  ore.  Probably  some  of  the  samples  of  mangan- 
ese ores  collected  in  this  region  contain  manganite  and  possibly 
braunite,  but  these  minerals  have  not  yet  been  positively  identi- 
fied. A  material  representing  a  mixture  of  clay  and  rock  frag- 
ments;  more  or  less  impregnated  with  oxide  of  manganese,  and 
locally  known  as  ^^  bog  ore,''  is  found  in  the  banks  of  McHenry 
Creek,  in  Pulaski  county. 

Below  are  given  descriptions  and  analyses  of  typical  speci- 
mens of  psilomelane  and  pyrolusite  found  in  this  region. 

Psilomelane. — Specimen  from  the  head  waters  of  the  Little 
Missouri  River,  in  the  Houthwestern  part  of  Montgomery  county. 
This  is  a  black  or  steel-blue  mineral;  opaque;  lustre  sub- 
'metallic;  powder  dark  brown ;  fracture  conchoidal,  highly  de- 
veloped, with  a  bright  glossy  surface;  hardness  7.  Its  specific 
gravity  as  determined  by  the  chemist  of  the  Survey  is  3,95.  It 
frequently  occurs  in  reniform  or  botryoidal  masses  with  smooth 
black  surfaces. 

With  fluxes  it  gives  reactions  for  manganese ;  it  dissolves 
in  hydrochloric  acid  with  the  evolution  of  chlorine  and  leaves 
-a  slight  residue. 
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Ad  analysis  made  by  B.  N,  Bracket!  of  this  miueral  drieA 
at  110^-115^  Centigrade,  gave  the  following  results : 

Analysis  of  paihmelane  from  southwestern  Arkansas. 

MftoganeM  protoxide  (MnO) 78.17 

Oxygen  (O) ^ 16.11 

Ferric  oxide  (FeaOs) 0.26 

Alumina  (AlaOs)- 6.52 

Cobalt  oxide  (CoO) trice 

Lime  (OaO) 1.68 

Baryta  (BaO)- 0.06 

Potash  (KaO) ^ „ 2.12 

Soda  (NaaO) „.. 2.35 

Phosphoric  acid  (PaOs) trace 

Silica  (SiOa) 0.16 

101.81 

The  analysis  and  the  physical  features  of  the  mineral  corre-^ 
spend  in  most  respects  to  psilomelane.     Rammelsberg*  classifiea. 
different  varities  of  psilomelane  under  two  headings :  those  high 
in  baryta  and  low  in  potash  are  grouped  as  baryta-psilomelane ;. 
those  low  in  baryta  and  high  in  potash  are  grouped  as  potash- 
psilomelane.     The  mineral  in  question  caiinot  be  classed  as  a 
baryta-psilomelane,  as  its  percentage  of  that  ingredient  (0,05) 
is  insignificant,  while  true  baryta-psilomelane  generally  contains, 
several  per  cent  of  baryta  and  sometimes  as  much  as  16  or  17 
per  cent.     On   the   other   hand    potash-psilomelane,   though    it 
sometimes  contains  over  5  per  cent  of  potash,  does  not  usually 
show  the  high  percentage  of  soda  (2.35)  found  in  the  above 
analysis.     Of  all  the  analyses  quoted  by  either  Dana  or  Rammels- 
berg,  the  one  showing  the  highest  per  cent  of  soda  was  made  by 
Schmidt  of  a  sample  from  Oehrenstock,  Germany,  which  con- 
tained 0.25  per  cent  of  that  ingredient.     la  the   case    of  the 
Arkansas  sample,  therefore,  the  soda  is  extraordinarily  high,  bat 
it  seems  probable  that  this  ingredient  simply  replaces  a  part  of 
the  potash;  and,  in  the  absence  of  any  class  of  soda-psilomelane^ 
as  well  as  in  the  consideration  of  the  noticeable  amount  of  potash 


^ 


^  Handbuch  der  Mineralchemie,  second  edition,  1875,  p.  190. 
t  Pogg.  Ann.,  Vol.  CXXVI.,  p.  151. 


THB  HANGANE8E  DEPOSITS  OF  SOUTHWESTERN  ARKANSAS.        31& 

behides  the  soda  in  the  mineral,  the  latter  may  be  provisionally 
classed  as  a  potash-psilomelane. 

Pyrolusite — Specimen  from  Cossatot  Mountain,  in  the  south- 
eastern part  of  Polk  county.  This  is  a  black,  opaque  mineral;, 
lustre  submetallic;  streak  black;  hardness  2.  It  is  in  the  form  of  a 
fibrous  crystalline  aggregate,  the  fibres  varying  from  a  sixteenth 
to  an  eighth  of  an  inch  in  length,  and  often  arranged  radially 
around  a  spherical  mass  of  the  same  mineral  in  a  more  minutely 
crystalline  form. 

An  analysis  made  by  R.  N.  Brackettof  this  mineral  dried 
at  110^-115^  Centigrade,  gave  the  following  results: 

Analysis  of  pyrolvsite  from  sovJthwesttm  Arkansas^ 

Manganese  protoxide  (MdO) ^ 76.90 

Oxygen  (O) 16.66 

Feiric  oxide  (FejOs) 1.06 

Alumina  (AlaOa) 0.79 

Cobalt  oxide  (CoO) strong  trace 

Lime  (CaO) »    0.52 

Baryta  (BaQ).. 2.88 

Magnesia  (MgO) 0.14 

PoUsb  (KaO).. 0.26 

Soda  (NaaO) 0.20 

Silica  (SiOa)  and  insoluble  matter •.52 

99.88 

The  molecular  ratio  of  MnO  :  O  in  the  above  analysis  ia 
1.08:  1.04,  which  closely  approaches  the  theoretical  ratio  1:1 
of  pyrolusite  (MnOj). 

It  is  a  noticeable  feature  of  this  specimen  that  the  percent- 
age of  baryta  (2.83)  is  much  larger  than  is  usual  in  pyrolusi  te^ 
which  generally  contains  less  than  1  per  cent  of  that  ingredient.. 

Iron  ores, — The  iron  ores  which  occur  either  with  or 
without  manganese  in  the  gray  novaculite,  and  those  which 
occur  in  the  siliceous  shales  overlying  the  novaculite,  are  in  the 
forms  of  more  or  less  hydrous  sesquiozides.  The  more  common 
forms  are : 

(1)  Brown  limonitic  ore,  hard  and  often  highly  siliceous*. 
This  variety  generally  occurs  in  the  siliceous  shale  that  overliea 
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the  novacalite,  thoagh  it  is  also  foand  at  the  junction  of  the  two 
rooks.  It  forms  irregularly  interbedded  lenticular  strata  and  is 
more  plentiful  than  any  of  the  other  varieties. 

(2)  A  dark  brown,  hydrous  sesquioxide  of  iron  ;  porous, 
honeycombed  structure,  glittering  vitreous  to  resinous  lustre 
throughout;  streak  chrome  yellow;  hardness  4  to  5.  It  fre- 
quently occurs  in  a  mass  composed  of  stalactitic  and  botryoidal 

forms,  and  the  cavities  between  these  give  it  its  porous  structure. 
Its  cavities  and  cracks  are  frequently  lined  with  a  brilliant  red 
ochre.  Its  most  characteristic  feature  is  its  lustre,  which  is 
eomelimes  almost  glassy  or  of  a  pitch-like  character.  This  dis- 
tinguishes it  from  all  the  other  ores  of  the  region.  It  is  found 
only  in  the  gray  novaculite. 

The  following  analysis  made  by  W.  A.  Noyes  of  a  specimen 
-xjff  this  mineral  from  the  Bud  Jones  claim,  3  S.,  24  W.,  section 
^9,  the  north  half,  shows  its  composition  : 

Ferric  oxide  (FeaOa) 77.91 

BCanganese  peroxide  (HoOa) none 

Manganese  protoxide  (MnO) 0.39 

Alumina  (AlaOa)..... 0.50 

Water  (HaO) 16.04 

Plioaphorlc  acid  (PaOe) 4.10 

Silica  (SiOa) 0.84 

99.78 

MeUlliciron 54.51 

Metallic  manganese 0  30 

Phosphorus 1.79 

The  hydration  of  this  mineralis  almost  exactly  intermediate 
!t>etween  that  of  true  limonite  (2Fe203,  SHjO)  which  contains 
theoretically  14.4  per  cent  water,  and  xanthosiderite  (Fe^O,, 
SHjO)  which  contains  18.4  per  cent  of  water.  The  water  of  the 
(mineral  in  question  approaches  a  little  nearer  that  of  limonite 
*than  of  xanthosiderite,  but  the  difference  is  insignificant;  while 
the  pitch-like  lustre  suggests  a  resemblance  to  some  forms  of  the 
latter. 

(3)  A  black,  glossy,  hydrous  sesquioxide  frequently  in  reni- 
'tform  and  botryoidal  masses;  streak  brown;  hardness  3.      The 
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surfaces  of  the  masses  often  have  a  brilliantly  iridescent  gloss^ 
showing  a  variety  of  shades  of  blae,  green,  pink,  and  other 
colors.  This  ore  occurs  in  the  gray  novaculite,  generally  with 
the  manganese,  though  sometimes  free  from  it.  The  water  in  it 
generally  approaches  that  of  limonile. 

(4.)  A  mineral  somewhat  resembling  the  last  in  general 
appearance,  but  with  a  submetallic  lustre ;  reddish-brown  streak;; 
hardness  4.5.  A  specimen  of  this  mineral  examined  by  R. 
N,  Brackett,  contained  only  5.4  per  cent  of  that  ingredient,  and 
has  been  determined  by  him  as  turgite  (2Fe203,  HjO),  which 
contains  theoretically  5.3  per  cent  of  water. 

(5)  A  black,  massive  mineral;  compact  structure;  lustre 
submetallic;  streak  reddish-brown;  hardness  5.  It  frequently^ 
shows  the  same  iridescent  surface  as  the  last  variety. 

The  following  analysis  made  by  W.  A.  Noyes  of  a  sample  of 
this  mineral  from  the  Bud  Jones  claim,  3  S.,  28  W.,  section  22^ 
the  southeast  quarter  of  the  northeast  quarter,  shows  its  compos- 
ition : 


Ferric  oxide  (FeaO,) 88.56 

Mangioeae  peroxidt  (MnOa) none 

Manganeee  protoxide  (MnO) 0.06 

Alumina  (AlaOs) 1.40 

Water  (HaO) 8.06 

Phosphoric  acid  (PaO.).. 0.46 

Silica  (SiOa) 1.58 

100.04 

Metallic  iron 64.64 

Metallic  mangancie 0.04 

Phoephoras 0.20 

The  hydration  of  the  mineral  is  intermediate  between  that^. 
of  turgite  (2Fe203,  HjO)  which  contains  theoretically  5.3  per 
cent  of  water,  and  that  of  goethite  (Fe^Oj,  HjO)  which  conttkiSs 
theoretically  10.1  per  cent,  but  it  approaches  nearer  the  latter. 
Its  features,  however,  are  such  as  to  suggest  the  possibility  of 
its  being  a  hematite  partially  altered  by  hydration  on  its  soriaoe^ 
exposure. 


^18 
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COMMERCIAL   VALUE  OF  THE  MANGANESE  ORES. 

The  treatment  of  the  commercial  value  of  the  manganese 
ores  properly  belongs  here,  but  that  value  in  this  case  is  so  de- 
pendent on  the  mode  of  occurrence  of  the  ores  that  the  subject 
has  already  been  taken  up  under  the  discussion  of  the  mining 
possibilities  of  the  manganese  deposits  on  pages  306-308. 

The  following  analyses  represent  the  composition  of  man- 
ganese and  manganiferous  iron  ores  from  the  land  of  the  Arkan- 
sas Development  Company,  and  have  been  kindly  furnished  the 
Survey  by  Mr.  W.  E.  Barns,  Editor  of  the  Age  of  Steel,  St. 
Louis,  Mo. 

Analyses  of  manganese  and  manganiferous  iron  ores  from  south- 

western  Arkansas. 


Na.  afanganese. 


IroD. 


Silica. 


Pliosphorus 


Analysed  by. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 


60.28 
68.86 
55.80 
51.54 
48.15 
48.34 
40.51 
27.68 
26.20 
22.84 
11.93 
2.06 


0.50 


2.03 


25.53 
85.39 
16.83 


22  26 
50.88 


9.02 
3.72 


0.413 


11.86 


0.80 
1.88 

29.00 
0.42 

44.40 


0.03» 
0.167 
0.308 
0.449 
0.767 
0.230 
0  343 
0.047 
0.576 
1.450 


Regis  Chauvenet  &  Brother 

St.  Louis  Sampling  and  Testing  Works. 
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Regis  Ohauvenet  A  Brother 

St.  Louis  Sampling  and  Testiog^Worka. 

Regi:t  Chauvenet  A  Brother 

St.  Louis  Sampling  and  Testing  Works. 


•( 


i< 


«• 


<i 


(f 


i( 


(i 


i< 


i( 


(I 


(( 


(< 


<< 


Regis  Ohauvenet  &  Brother. 


The  following  table  of  the  analyses  made  by  the  Survey 
shows  the  composition  of  manganese  ores  from  different  parts 
of  southwestern  Arkansas,  including  Pulaski,  Hot  Spring,  Pike, 
Montgomery,  and  Polk  counties.  All  the  samples  analyzed 
were  collected  by  the  Survey.  Analyses  1,  9,  and  13  were  made 
of  picked  specimens,  and  represent  a  better  grade  of  ore  than 
the  average  of  the  deposits  from  which  they  were  taken.    The 
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rest  of  the  samples  were  so  selected  as  to  represent  as  nearly  aa 
possible  the  averaj^e  of  the  deposit.  Analyses  1  to  3  represent 
the  so-called  bog  ore  of  McHenry  Creek.  Additional  analyses 
of  the  bog  iron  ore  from  the  same  locality  and  a  description  of 
the  deposit  are  given  later  in  this  chapter,  in  the  discussion  of* 
the  property  of  the  Capitol  Land  and  Mining  Company  in 
Pulaski  county. 

MODE  OF.OOCUBBENCE   OF  THE   MANGANESE  OBES. 

The  manganese  ores  occur  as  nests,  pockets,  and  short 
discontinuous  seams,  from  a  small  fraction  of  an  inch  to  a 
foot  or  more  in  thickness.  The  latter  thickness,  however,  ia 
rare,  and  three  or  four  inches  usually  represents  the  maximuoi 
thickness  of  any  one  mass.  Such  bodies  of  ore  occur  scattered 
in  varying  quantities  and  in  a  great  many  difierent  waya 
through  a  hard  or  soft  novaculite  rock :  they  either  occupy 
planes  of  bedding  and  joint  cracks;  or  occur  as  segregations  ia 
the  rock  ;  or  form  the  cement  of  a  brecciated  novaculite,  ia 
which  the  masses  of  rock  vary  from  a  fraction  of  an  inch  to 
several  feet  in  diameter,  and  are  surrounded  on  all  sides  bjr 
layers  of  manganese  ore  from  a  fraction  of  an  inch  to  several 
inches  in  thickness.  The  part  of  the  rock  thus  impregnated 
varies  from  two  or  three  feet  to  fifty  feet  and  sometimes  more 
in  width.  The  ore,  however,  forms  only  a  small  proportion  of 
the  mass,  in  some  places  not  more  than  1  per  cent,  while  ia 
others,  especially  where  the  ore-bearing  stratum  is  thin,  it 
forms  a  much  larger  percentage. 

The  iron  ores  in  some  places  are  intimately  mixed  with 
the  manganese  in  the  form  of  ferruginous  manganese  ores  or 
manganiferous  iron  ores ;  in  others  the  two  ores  occur  in 
the  same  pocket  but  in  separate  masses ;  and  in  still  othera 
they  occur  in  difierent  places  along  the  same  ore-bearing 
stratum.  On  He  Mountain,  described  in  the  next  chap- 
ter, there  are  geodes  of  brown  hematite  lined  on  the  in- 
side with  black  manganese  ore;  and  a  frequent  occurrence 
elsewhere  is  a  kernel  of  brown  hematite  coated  with  man- 
ganese, either  as  a  hard  incrustation  of  massive  ore,  or  aa 
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radiating  fibrous  crystals  of  pyrolusite.    Stalactitic  ore  with 
hematite  inside  and  manganese  outside  sometimes  occurs. 

The  iron  ore  usually  shows  a  tendency  to  follow  lines  of 
bedding,  but  sometimes^  in  both  the  novaculite  and  the- 
shale,  it  occurs  in  joints  or  fault  lines,  forming  deposits  a& 
much  as  two  or  three  feet  in  thickness.  These  seem  to  have 
been  formed  by  the  collection  of  the  ore  in  such  positions  froH> 
originally  bedded  deposits.  Such  a  case  is  described  later 
in  this  chapter  on  the  Bud  Jones  claim,  3  S,,  23  W.,  pectiou 
29,  in  Montgomery  county. 

The  rock  carrying  the  manganese  represents  an  inter- 
bedded  stratum  in  the  upper  part  of  the  gray  novaculite^ 
usually  occurring  at  or  near  the  contact  of  that  bed  with  the 
overlying  gray  and  black  siliceous  shale.  Similar  ores 
probably  sometimes  occur  in  small  quantities  in  the  lower 
part  of  the  novaculite,  but  they  are  of  no  importance.  The 
ore-bearing  stratum  generally  dips  steeply,  often  almost  ver- 
tically, and  its  outcrop  is  often  traceable  for  many  miles^ 
following  along  tlie  upper  slopes  or  even  the  summits  of  the 
ridges,  at  or  near  the  contact  of  the  two  rocks.  It  is  only 
locally,  however,  that  ore  occurs  in  it  in  any  appreciable 
quantities.  Its  course  is  almost  always  marked  by  a  greater 
or  less  stain  of  iron  or  of  manganese  or  of  both,  and  at 
irregular  intervals  this  stain  increases  in  quantity  until 
it  forms  the  deposits  just  described.  Sometimes  the  latter 
are  within  a  few  yards  of  each  other,  but  usually  they  are 
several  hundred  yards  apart  and  often  several  miles,  sepa- 
rated by  practically  barren  rock.* 

As  has  already  been  stated,  the  whole  region  has  been 
thrown  into  a  series  of  parallel  folds,  striking  from  east  and 
west  to  various  angles  to  that  direction.  The  novaculite 
forms  the  predominating  rock  in  these  ridges,  and  wherever 
it  is  exposed,  more  or  less  signs  of  the  ore-bearing  stratum 

*  The  deposits  of  mixed  manganeee  and  iron  ores,  tnd  eren  manj  that  are  all  iroi  •re, 
are  freqoentlj  supposed  bj  prospectors  to  be  all  maogaDese.    This  gives  a  yerjr  erroneous  Im- 
pression of  the  quantity  of  manganese  present,  as  the  iron  occors  in  considerably  the  larger 
quantity.    Manganese  frequently  does  comprise  the  whole  of  the  deposit,  but  just  as  often  it^ 
is  mixed  with  iron,  or  blends  altogether  into  that  ore. 

21  Geological;  Vol.  i.,  1890. 
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occur;  so  that  in  a  regioa  wbere  there  ia  a  series  of  parallel 
ridgee,  there  is  a  series  of  exposures  of  the  stratum  ruDoiog 
parallel  to  these  ridges.  Such  exposures  are  locally,  but  as 
will  be  explained  OH  page  325,  erroneously  called  "  lodes, " 
and  are  especially  well  seen  in  the  region  between  the  head 
waters  of  the  Little  Missouri  and  the  Cossatot  Kivers,  in  tbe 
southwestern  part  of  Montgomery  county  ami  the  southeast- 
ern  corner  of  Polk  county.  He  re  there  are  often  eight  or  ten 
parallel  riilgea,  all  showing  the  ore-bearing  stratum.  The 
intter,  tobe  sure,  may  be  represented  simply  by  u  stain  for 
the  whole  length  of  the  ridge,  but  perhaps  on  the  next  ridge 
the  exposures  of  the  eumc  stratum  cnntuin  jiockcts  of  ore. 


\^ 


Figure  M.    Iferlh-nulh  ledlin  Ihroug*  Sail  Hannah  dnd  Sha'li-u-  Koek  Mnalatni,  Pelt 
eauMn,  ihmHitg  llii/aldinp  t/ISc  m 

A.  Oriy  DOTUullM. 

B.  S»ndil0D«. 


The  accompanying  figure   represents  a  section  across 
East  UaDuah  aud  Shadow  Rock  Mouutaius,  a  mile  east  of  the 
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Cossatot  River,  and  illostrates  the  cause  of  the  repeated  ex- 
posures of  the  same  ore-bearing  stratum  ou'the  slopes  of 
parallel  ridges.  East  Hannah  and  Shadow  Rock  are  two  of 
the  main  ridges  in  Polk  county,  and  run  in  a  general  east- 
west  direction  across  the  region  of  the  head  waters  of  the 
Cossatot.  The  dotted  lines  on  the  summits  of  the  mountains 
indicate  the  direction  of  the  continuation  of  the  gray  novac- 
ulite  before  it  was  eroded  to  its  present  level.  They  are  not 
intended,  however,  to  represent  the  absolute  distance  of  this 
continuation,  as  that  may  be  either  greater  or  less  than  rep- 
resented in  the  figure.  The  dotted  lines  below  the  surface 
are  intended  to  represent  the  probable  direction  of  the 
underground  extension  of  the  gray  novaculite;  but,  just  as 
with  the  lines  on  the  summits,  they  are  not  intended  to  rep- 
resent the  absolute  depth  of  this  extension.  The  outside  one 
(marked  E  in  the  section)  of  the  two  lines  represents  the  con- 
tact of  the  gray  novaculite  and  the  siliceous  shale,  and  the 
position  of  the  ore-bearing  stratum  is  approximately  on  this 
line.  The  extension  of  the  line,  therefore,  below  and  above 
the  surface  represents  the  extension  of  the  manganese 
stratum,  just  as  explained  with  the  gray  novaculite. 

Both  ridges  are  in  the  form  of  anticlines  overthrown  in 
their  upper  parts,  and  it  will  be  seen  that  the  manganese 
stratum  is  exposed  on  both  slopes  of  each  mountain.  It  is 
rarely,  if  ever,  however,  that  each  exposure  of  the  stratum  on 
any  one  north  and  south  section  contains  appreciable  quanti- 
ties of  ore,  but  its  position  is  almost  always  marked  by  more 
or  less  stain  of  iron  or  manganese  or  of  both.  Thus  on  the 
line  of  the  section  represented  in  the  figure,  the  stratum  con- 
tains ore  on  the  south  side  of  both  East  Hannah  and  Shadow 
Rock,  while  a  stain  is  all  that  represents  it  on  the  north 
8ide. 

The  ore-bearing  stratum  and  the  rest  of  the  rocks  once 
lay  horizontally,  and  have  been  brought  into  their  present 
position  by  a  profound  disturbance  in  the  earth's  crust. 
When  in  its  original  position,  the  ore  stratum  consisted  of 
isolated  flat  layers  of  ore-bearing  rock  separated  laterally  by 
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barren  areas  of  the  same  rock.  When  it  was  brought  into 
its  present  position,  the  appearance  or  non-appearance  of  ore- 
depended  on  whether  the  part  of  the  stratum  represented  in 
a  given  exposure  on  the  ridge,  was  a  part  that  had  originally 
contained  one  of  the  flat  layers,  or  whether  it  was  a  part  of 
the  barren  rock  that  separated  these  layers.  This  accounts 
for  the  appearance  of  ore  sometimes  on  both  sides  of  a  ridge^ 
sometimes  only  on  one  side,  and  its  frequent  absence  al- 
together. The  original  flat  layers,  however,  were  connected 
by  a  stain  of  ore  in  the  rock,  and  hence  the  existence  of  a 
stain  now  in  the  exposures  where  ore  is  absent  from  the 
stratum. 

The  figure  represents  only  two  of  many  parallel  ridges 
in  soatheastern  Polk  county,  on  all  of  which  the  series  of 
phenomena  already  described  occur,  but  it  serves  to  illustrate 
the  subject  in  question.  Where  the  ridge  is  an  anticline 
the  ore-bearing  stratum  is  seen  on  both  slopes,  at  the  contact 
of  the  novaculite  with  the  overlying  siliceous  shale.  Where 
it  is  in  the  form  of  a  monocline  the  stratum  is  seen  only  on 
one  side. 

On  the  slopes  of  the  ridges  there  are  often  strata  of 
brown  hematite  imbedded  in  the  siliceous  shale,  striking  in 
the  same  direction  as  the  manganese-bearing  stratum,  bat 
always  at  a  lower  level.  These  form  lenticular  beds  from  a 
few  inches  to  four  or  five  feet  and  more  in  thickness.  Some- 
times several  of  them  run  parallel  to  each  other  at  a  distance 
of  from  a  few  inches  to  several  feet,  separated  by  similar 
strata  of  siliceous  shale.  The  latter  have  frequently  been 
much  decomposed  and  are  in  the  form  of  a  fine  powder  con- 
taining harder  masses  of  the  as  yet  undecayed  parts.  Thia 
decay,  however,  is  only  local,  and  frequently  a  de- 
composed stratum  several  inches  in  thickness  is  bordered  on 
both  sides  by  unaltered  beds  of  the  same  rock.  The  iron  ore 
blends  into  the  country  rock  along  the  same  stratum,  and 
the  continuance  of  any  one  lead  of  ore  is  very  uncertain. 
When  it  thins  out,  however,  it  generally  appears  again  in 
the  same  relative  position  at  a  greater  or  less  distance 
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beyond^  and  the  intermediate  barren  rock  is  usaally  stained 
with  iron  in  the  direction  of  the  strike  of  the  deposit. 

CHEMICAL   ACTION  II^  THE   MANGANESE   DEPOSITS. 

The  deposition  of  the  manganese  ores  in  the  novaeulite 
is  a  subject  intimately  related  to  the  origin  of  the  novaeulite 
itself,  and  the  transformation  of  the  ores  into  their  present 
forms,  subsequently  to  their  deposition,  doubtless  has  a  close 
connection  with  the  agencies  that  converted  the  novaeulite 
into  its  present  form. 

It  seems  probable  that  the  novaeulite  was  originally  laid 
-down  as  a  siliceous  sediment,  subsequently  indurated  into  a 
-compact  rock,  and  still  later  altered  into  its  present  form  of 
anhydrotis  silica.  There  is  every  reason  to  suppose  that  the 
manganese  and  iron  were  deposited  at  the  same  time  as  the 
Tipper  part  of  the  novaeulite  and  just  before  the  deposition 
of  the  overlying  shale.*  The  ore  frequently,  or  even  gen- 
erally, occurs  as  small  seams  cutting  across  the  stratification, 
but  these  seams  are  discontinuous  and  represent  simply 
oblong  pockets.  They  rapidly  thin  out  and  are  probably 
due  to  a  chemical  action  in  the  ore-bearing  stratum  after  the 
ore  was  deposited.  The  stratum  considered  as  a  whole, 
including  the  seams  of  ore  and  the  enclosing  rock,  follows 
certain  stratigraphic  positions  through  all  the  many  con- 
tortions to  which  the  rocks  of  the  region  have  been  subjected. 
If  all  the  outcrops  of  the  deposit  on  the  many  ridges  were 
added  together,  they  would  make  a  length  of  several 
thousand  miles,  and  yet  not  once  in  this  distance  has  the 
ore-bearing  stratum)  as  a  whole,  been  observed  to  cut  across 
the  strike  of  the  rocks. 

The  ores  were  probably  laid  down  during  the  deposition 
of  the  enclosing  rock  in  the  forms  of  oxides  or  carbonate; 
and  later,  either  during  the  formation  of  the  deposit  or  subse- 
eequently,  any  carbonate  that  may  have  existed  was  converted 

*  The  term  '*  lode  "  a«  applied  to  the  mftogaoeM  and  iron  stratam  U  wronglj  uted : 
according  to  F.  Prime's  translation  of  Voa  Gotta's  Trtatiae  on  On  Deposits,  page  26,  lodes 
«re  "  aggregations  of  mineral  matter  c mtaining ores  in  fissures.  " 
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to  the  oxide  form.  Still  later,  chemical  action  has  altered  botb 
the  chemical  character  of  the  oxides  aad  their  positioa  ia  the 
ore-bearing  stratum*  Thin  layers  of  ore  in  planes  of  beddings 
are  oflen  cut  by  joints,  and  these  joints  are  sometimes  empty 
and  sometimes  filled  with  ore.  Where  they  are  filled,  the  ore  ia 
them  cuts  directly  across  the  ore  in  the  bedding  planes,  showing 
that  the  joints  were  filled  later.  It  is  probable,  also,  that  the 
ore  in  the  joints  was  derived  by  chemical  solution  and  re-deposi-^ 
tion  from  the  bedded  ore. 

It  often  happens  that  no  sign  of  the  original  stratified  char- 
acter of  the  deposits  is  seen,  and  the  ore  runs  in  all  directions 
through  the  rock.  It  seems  possible  that  in  such  cases  the  ore 
was  originally  finely  disseminated  through  the  rock,  and  that 
subsequent  chemical  action  caused  its  solution,  segregation,  and 
re-deposition  in  its  present  form.  This  process  may  have  given 
rise  to  the  brecciated  novaculite  with  an  iron  or  manganese 
cement,  which  forms  one  of  the  most  characteristic  features  of 
the  ore-bearing  stratum.  The  same  process  of  segregation  might 
also  help  to  explain  the  soft,  porous  character  often  observed  in 
the  novaculite,  in  the  immediate  vicinity  of  the  ore-bearing 
deposit,  since  the  same  rock  in  the  same  stratum  only  a  short  dis- 
tance from  the  ore  resumes  its  hard  flinty  nature.  It  is  as  yet^ 
however,  a  matter  of  some  doubt  whether  a  segregation  of  the  kind 
described  is  not,  in  many  ore-deposits,  simply  superficial,  due  to 
surface  agencies  without  any  deep-reaching  influence ;  and  it 
seems  possible  also  that,  though  the  same  mineral  matter  may 
exist  below,  it  may  be  in  a  form  which  is  not  available  for  com<^ 
mercial  purposes. 


CHAPTER  XIII. 

THE  MANGANESE  DEPOSITS  OF  SOUTHWESTERN 

ARKANSAS.— Concluded. 

PULASKI  COUNTY.* 

General  features. — Manganese  has  been  found  in  the  western 
part  of  Pulaski  county^  at  various  points  from  ten  to  fifteen 
miles  west  of  the  city  of  Little  Rock.  This  region  is  known  as 
the  Fletcher  Range,  and  has  been  prospected  for  manganese  and 
iron  by  the  Capitol  Land  and  Mining  Company,  by  Mr.  R.  W. 
•Worthen,  Messrs.  Whittemore  and  Bunch,  a^d  others.  A  large 
part  of  the  prospecting  has  been  done  in  the  drainage  area  of 
Fourche  Bayou,  a  tributary  of  the  Arkansas  River ;  and  es- 
pecially in  the  neighborhood  of  McHenry  Creek,  a  small  branch 
of  the  Fourche. 

The  localities  visited  by  the  Survey  are  described  below^ 
None  of  them  contain  manganese  in  such  quantities  or  of  such 
quality  as  to  allow  profitable  mining,  and  the  nature  of  the 
deposits  makes  it  absolutely  useless  to  attempt  to  search  for 
workable  bodies  of  manganese  ore  anywhere  in  this  area.t 

The  Capitol  Land  and  Mining  Company. — The  Capitol 
Land  and  Mining  Company  commenced  operations  in  the 
Fletcher  Range  in  the  spring  of  1888.  Several  small  pits  and 
tunnels  were  made,  and  the  site  of  the  town  of  Martindale  was- 
laid  out  in  IN.,  14  W.,  section  14,  the  northeast  quarter.  Na 
ore  was  shipped  and  operations  were  suspended  after  a  few 
months. 

The  company  controls  the  following  tracts  of  land  all  of 
which  are  situated  in  1  N,,  14  W. :  section  12,  the  southwest 

*  A  number  of  the  mangaocse  localities  of  Pulaski  countj  hare  been  described  by  T» 
B.  Comstock,  annual  report  of  the  Geological  Surrey  for  1888,  Vol.  I.  pp.  1&-27 
t  See  pages  30C- 308. 
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quarter  of  the  southwest  quarter  ;  section  11,  the  south  half  of 
the  southeast  quarter,  and  the  whole  of  the  southwest  quarter; 
section  10,  the  southwest  quarter ;  the  whole  of  section  14,  except  * 
the  east  half  of  the  northwest  quarter,  and  the  northeast  quarter 
of  the  southwest  quarter;  section  15,  the  northeast  quarter,  and 
the  northwest  quarter  with  the  exception  of  the  southwest  quarter 
of  it ;  section  23,  the  northeast  quarter  with  the  exception  of  the 
southwest  quarter  of  it ;  section  24,  the  north  half. 

This  property  is  situated  in  the  basin  of  McHenry  Creek, 
which  runs  diagonally  from  northwest  to  southeast  through  1 
N.,  14  W.  The  stream  is  bordered  on  either  &ide  by  the  novac- 
ulite  and  siliceous  shale  already  described,  which  form  rocky 
ledges  rising  from  one  to  probably  two  hundred  feet  above  the 
ereek.  In  some  places  the  hills  encroach  on  the  stream  and  form 
narrow  gorges,  in  others  they  widen  out  for  a  few  hundred  yards 
and  give  room  for  small  areas  of  open  land.  The  property  of 
the  Capitol  Land  and  Mining  Company,  in  the  part  of  1  N.,  14 
W.,  in  which  it  is  situated,  includes  the  larger  part  of  both  the 
creek  bottom  and  the  hills  on  either  side.  Bog  manganese  and 
iron  ores  exist  in  many  places  along  the  creek,  while  in  the  hills 
small  quantities  of  manganese  ore  and  brown  hematite  occur  in 
place  in  the  rock. 

(1)  The  bog  ores. — The  so-called  "bog  manganese"  occurs 
in  association  with  a  greater  or  less  quantity  of  clay  and  angular 
and  rounded  fragments  of  novaculite  and  shale,  from  a  fraction 
of  an  inch  to  several  inches  in  diameter.  The  manganese  is 
generally  black,  earthy,  and  soft,  though  in  some  places  it  is 
compact  and  massive,  and  in  the  form  of  hard  kidney-shaped 
and  stalactitic  bodies  with  glossy  black  surfaces.  The  latter 
variety,  however,  is  rare.  Generally  the  manganese  forms  the 
cement  of  a  conglomerate  with  the  rock  fragments  and  pebbles 
just  mentioned ;  and  there  are  all  gradations  from  an  ore  without 
rock  and  pebbles  to  one  in  which  these  compose  over  half 
the  mass.  The  manganese  has  sometimes  impregnated  the  rocks, 
turning  them  black,  and  often  the  clay  is  impregnated  in  the 
same  way  by  manganese  and  converted  into  a  light,  earthy,  soft 
mass^  in  which  the  black  manganiferous  parts  pierce  the  lighter 
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colored  parts  in  irregular  '^stringers''  and  nests.  Frequently 
the  man^nese  is  impregnated  witb  iron^  and  in  some  cases  runs 
into  a  bog  iron  ore,  which  has  the  same  general  character  as  the 
bog  manganese,  except  that  it  differs  in  its  brown  color.  In 
such  cases  numerous  ferruginous  or  chalybeate  springs  rise  to 
the  surface  depositing  a  brown  sediment  of  hydrous  sesquioxide 
of  iron. 

The  thickness  of  this  bog  deposit  varies  from  a  few  inches 
to  probably  ten  feet.  Where  pits  have  passed  through  it,  it  is 
usually  found  to  be  underlain  by  a  gray  clay  with  fragments  of 
rock  similar  to  those  associated  with  the  ore.  The  bog  ore  pro- 
trudes into,  and  recedes  from  the  underlying  bed  in  a  very  ir- 
regular manner,  in  some  places  running  down  into  it  for  several 
feet,  in  others  thinning  out  and  allowing  it  to  appear  on  the 
surface.  The  ore  deposit  represents  simply  a  bed  of  clay  and 
gravel  derived  from  the  erosion  of  the  surrounding  hills,  and 
impregnated  with  manganese  and  iron  from  springs,  and  possibly 
also  from  surface  waters  draining  off  the  surrounding  hills. 

These  deposits  in  some  places  occur  in  the  bed  of  the 
oreek,  in  others  in  the  low  banks  and  fields  on  either  side, 
and  they  also  often  crop  out  in  the  bottoms  of  the  ravines  that 
open  upon  the  creek  from  the  hills.  The  deposits  have  been 
traced  at  intervals  from  near  the  mouth  of  McHenry  Creek  for 
six  miles  above,  but  most  of  them  occur  along  the  part  of  the 
creek  extending  from  the  central  part  of  section  24  in  a  north- 
west direction  to  the  western  part  of  section  14,  a  distance  of 
about  a  mile  and  a  half.  Above  and  below  this  area  the  clay  of 
the  creek  bed  is  occasionally  discolored  by  manganese  and  iron, 
but  does  not  contain  any  considerable  quantities  of  those  ma- 
terials. 

In  some  places  where  the  ore  is  free  from  clay  and  rock,  it 
is  of  good  quality,  being  high  in  manganese  and  low  in  both 
silica  and  phosphorus,  but  such  places  are  rare  and  limited  in 
extent.  Generally  the  ore  contains  an  injuriously  large  quantity 
of  silica,  even  when  freed  from  the  rock.  This  is  to  be  expected 
from  the  very  mode  of  derivation  of  the  ore  by  the  impregnation 
of  a  highly  siliceous  clay  with  manganese.    Tb^  ot^  \^  \i^\>  ^^^1 
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highly  siliceous,  but  it  passes  abruptly  into  au  iron  ore  of  the> 
same  siliceous  character;  and  the  latter  ore  is  in  far  larger 
quantities  than  the  manganese.  The  following  analyse^?  show 
the  composition  of  the  bog  ores.  All  the  samples  analyzed  are 
from  the  property  of  the  Capitol  Land  and  Mining  Companjr 
with  the  exception  of  No.  4,  which  is  from  the  Whittemore  and 
Bunch  tract  described  on  page  332. 

Analyses  of  bog  manganese  and  iron  ores  from  McHenry  Oreek^ 

Pulaski  county. 
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The  samples  for  the  above  analyses  were  so  selected  as  to 
show  the  transition  from  a  bog  manganese  ore  to  a  bog  iron  ore. 
In  each  sample  the  larger  fragments  of  rock  were  removed,  and 
the  impurities  that  remained  were  such  as  would  be  retained  id 
the  ore  if  it  was  crushed  and  washed. 

Sample  No.  1  is  from  a  small  stripping  on  the  south  bank  of 
McHenry  Greek.  It  represents  a  picked  sample  of  the  very  best 
ore  that  could  be  found  on  the  creek.  Only  very  small  quantities 
of  such  ore  occur  and  the  amount  is  of  no  commercial  importance. 

Sample  No.  2  is  from  the  same  locality. 

Sample  No.  3  is  an  average  sample  from  the  clearance  made 
for  the  location  of  a  smelter  and  from  the  surrounding  openings. 

Sample  No.  4  is  from  the  Whittemore  and  Bunch  claim  in. 
the  field  of  John  Mann,  on  the  south  side  of  McHenry  Creek. 

Sample  No.  5  is  from  a  small  exposure  on  the  north  side  of 
McHenry  Creek  and  not  far  from  the  location  of  samples  Nos.  1 
and  2. 

The  first  analysis  (sample  No.  1),  which,  as  just  stated,  rep- 
resents a  carefully  picked  specimen,  shows  an   excellent   ore  ;. 
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the  second  uualysis  shows  a  very  poor  ore ;  and  the  rest  show 
materials  which  are  absolutely  worthless.  . 

The  bog  ore  deposits  have  been  prospected  and  stripped  of 
their  covering  of  soil  in  several  places  on  the  property  of  the 
Capitol  Land  and  Mining  Company.     Among  these  places  are  t 

(a)  1  N.,  14W.y  section  24,  the  southeast  quarter  of  the  north- 
west quarter.  Here  the  ore  has  been  stripped  on  the  south  bank  or 
the  creek,  at  the  foot  of  the  hills,  over  an  area  of  about  fifty  feet 
square.  It  is  of  better  quality  than  that  seen  on  any  other  part 
of  the  property.  The  composition  of  the  best  of  it  is  represented 
in  the  first  two  analyses  given  above.  It  rapidly  blends  into  a 
much  poorer  ore. 

(6)  1  N.,  14  W,,  section  24,  the  southeast  quarter  of  the 
northwest  quarter.  Several  strippings  have  been  made  here  on 
the  north  side  of  McHenry  Creek,  showing  the  bog  ore  that  ia 
represented  in  analysis  No.  3  of  the  above  table.  One  of  the 
strippings  is  at  the  place  intended  for  a  smelter.  The  ore  is  of  a 
rusty  black  color  and  probably  underlies  several  acres  along  the 
creek  in  this  locality.  It  occurs  in,  patches  in  the  clay  and 
gravel.  It  is  probably  several  feet  deep,  though  its  exact  thick- 
ness cannot  be  seen, 

(c)  1  N.,  14  W.,  section  24,  the  southwest  quarter  of  the 
northeast  quarter.  The  bog  ore  crops  out  here  in  the  field  of  A^ 
J.  Hutchinson,  on  the  north  side  of  McHenry  Creek.  It  is  soft^ 
impure,  and  contains  a  considerable  quantity  of  iron  and  pebbles.. 
A  pitj  now  filled  with  water,  is  said  to  have  been  sunk  into  it 
for  two  feet,  at  which  depth  the  underlying  clay  was  reached. 

{d)     1  N.,  14  W.,  section  24,  the  northeast  quarter.     A 
small  exposure  of  a  bright  red  bog  iron  ore  is  seen  here  in  a  field 
on  the  north  side  of  McHenry  Creek.     Its  composition  is  shown 
in  analysis  No.  5  of  the  above  table. 

(e)  Martindale. — In  the  immediate  vicinity  of  the  site  of 
the  proposed  town  of  Martindale  in  1  N.,  14  W.,  section  14,  the 
northeast  quarter,  bog  manganese  and  iron  ores  have  been 
stripped  in  several  places.  They  are  of  the' same  general  charac- 
ter as   the   deposits  already    described    and    do    not    require* 
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farther  mention.     Numerous  other  similar  deposits  occur  along 
McHenry  Ceek,  both  above  and  below  Marti ndale. 

(2)  The  ores  in  the  hills, — In  the  hills  both  to  the  north 
mod  south  of  the  creek,  numerous  small  openings  have  been 
made,  and  some  of  them  show  manganese  and  iron  in  place  in  the 
flt)ck.  On  the  summit  of  the  ridge  that  runs  along  the  south 
side  of  the  creek  from  1  N.,  14  W.,  section  24,  the  northwest 
quarter,  to  section  15,  the  northwest  quarter,  several  cross  cuts 
have  been  made  in  the  gray  novaculite.  They  sometimes  show 
very  small  quantities  of  manganese  and  iron,  but  usually  not 
more  than  a  stain.  In  section  24,  the  southwest  quarter  of  the 
northwest  quarter,  a  shaft  has  been  sunk  on  rock  impregnated 
in  this  manner.  The  shaft  is  now  (Dec,  1890)  nearly  filled  with 
water,  but  it  is  siid  to  be  about  25  feet  deep.  In  section  24, 
4he  northwest  quarter  of  the  northwest  quarter,  a  drift  was  run 
for  about  50  feet  into  the  siliceous  shale  in  the  bluffs  on  the 
south  side  of  McHenry  Creek.     No  ore  was  found. 

A  few  cuts  have  also  been  made  in  the  ridge  on  the  north 
side  of  the  creek,  extending  from  1  N.,  14  W.,  section  13,  the 
eastern  part,  to  section  11,  the  southwest  quarter,  and  passing 
north  of  the  site  of  Mirtindale.  The  ore  occurs  in  this  ridge  in 
a  manner  similar  to  that  already  described.  A  short  distance 
north  of  Martindale  a  cut  about  fifty  feet  long  and  five  feet  wide 
has  been  made  in  a  siliceous  shale,  which  has  partly  decayed  into 
a  hard  clay.  The  cut  has  exposed  very  small  quantities  of  brown 
hematite^  in  pockets  and  discontinuous  layers,  from  one  to  five 
feet  in  length  and  from  one  to  five  inches  in  thickness. 

7%€  Whitiemore  and  Bunch  tracts.  (Iron.) — Messrs.  Whitte- 
>more  and  Bunch  own  several  tracts  of  knd  and  several  mineral 
claims  in  the  western  part  of  Pulaski  county.  Among  the  open- 
ings that  have  been  made  on  them  are  those  described  below: 

(1)  Iron. — 1  N.,  14  W.,  section  14,    the   northeast    quarter 
of  the  southwest  quarter,  and  the  southeast  quarter  of  the  north- 
west  quarter.     This   property   is   on   the    banks   of   McHenry 
^reek,     A  small  prospecting  pit  has  been  sunk  on  a   deposit   of 
impure  bog  iron  ore,  but  no  considerable  work   has  been   done* 
he  ore  is  of  a  rusty  brown  color  and  contains   numerous   frag- 
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ments  of  rock  and  inclusions  of  clay.  An  analysis  of  the  ore 
given  on  page  330  shows  it  to  be  of  no  commercial  value.  Fur- 
ther details  about  this  class  of  ore  are  given   on  pages  328-331  ^ 

(2)  Iron.— 1  N.,  18  W.,  section  19,  the  north  half. 
Messrs.  Whitlemore  and  Bunch  have  prospected  a  claim  in  this 
locality,  and  a  small  cut  about  twenty  feet  long  and  six  feet  wide 
has  been  made  in  the  siliceous  shale.  The  rock  has  a  rusty 
stain  and  occasionally  contains  lenticular  layers  of  iron  ore,  from-. 
1  to  3  inches  in  thickness.  The  ore  is  in  such  small  quantities 
as  to  be  of  absolutely  no  commercial  importance. 

The  JR.    W.    Worthen  tracts.     {Manganese  and  iron,) — Mr.. 
B.  W.  Worthen  owns  several  tracts  of  land  as   well    as  several 
claims  in  1  N.,  14  W.,  and  1  N.,  18  W.     Among  the   openings 
that  have  been  made  are  those  described  below: 

(1)  Manganese  and  iron. — 1  N.,  14  W.,  section  24,  the 
south  half.  Two  small  pits  have  been  sunk  in  the  northeast 
quarter  of  the  southwest  quarter  of  this  section.  They  are  in 
the  novaculite  on  the  summit  of  a  hill  immediately  south  of 
McHenry  Creek.  They  show  manganese  ore  and  brown  hematite 
in  small  irregular  seams  and  pockets,  from  one  to  three  inches  in 
thickness,  scattered  through  the  rock.  Sometimes  the  two  ores^ 
are  intimately  mixed  as  a  manganiferous  iron  ore,  at  other 
times  they  occupy  diflerent  places  along  the  course  of  the  same- 
seams.     Neither  ore  is  in  workable  quantities. 

In  the  southeast  quarter  of  the  southeast  quarter  of  the  same 
section,  a  shallow  pit,  about  ten  feet  square,  has  been  made  in  a 
gray  novaculite,  near  the  top  of  a  hill.  The  novaculite  is  im- 
pregnated with  seams  and  nests  of  brown  hematite  from  one  to 
three  inches  in  thickness,  forming  a  network  through  the  rock.. 
These  are  seen  on  all  sides  of  the  pit,  and  are  traceable  elsewhere 
on  the  surface  of  the  hill  in  greater  or  less  quantities.  The  ore 
often  forms  the  lining  of  hollows  in  the  novaculite,  and  in  such 
cases  is  frequently  covered  with  a  black  incrustation.  The  ore 
is  hard,  very  siliceous,  sometimes  contains  crystals  of  quarts^ 
and  is  too  poor  in  quality  and  too  small  in  quantity  to  be  oS 
any  commercial  value, 

(2)  Iron. — 1  N.,  13  W.,  section  19,  the  southwest  quarter 
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of  the  southwest  quarter.  Here  the  same  brown  hematite  oc- 
curs as  at  the  last  place,  except  that  the  seams  are  more  numer- 
ous and  frequently  form  circular  layers  around  masses  of  novac- 
ulite.  The  ore-bearing  rock  forms  the  crest  of  a  ridge  and  .  is 
bordered  on  either  side  by  gray  siliceous  shale.  The  ore  is  not 
in  quantities  sufficient  to  be  of  any  commercial  value. 

(3)  Manganese  and  iron. — IN.,  13  W.,  section  19,  the 
northwest  quarter  of  the  southwest  quarter.  Here  a  small  pit 
has  been  made  on  a  hard  gray  novaculite  impregnated  with  seams 
of  manganese  ere  and  brown  hematite,  from  a  fourth  to  one  inch 
in  thickness^  and  with  nests  of  the  same  materials  from  one  to 
six  inches  in  diameter.     Both  ores  are  in  very  smalt    quantities. 

(4)  Manganese. — 1  N.,  13  W.,  section  33,  the  northwest 
quarter  of  the  northwest  quarter.  A  shaft,  now  mostly  filled 
with  water,  is  said  to  have  been  sunk  here  for  twenty-seven  feet. 
Fragments  of  the  material  it  passed  through  are  seen  on  the 
<lump.  They  consist  of  a  soft  gray  novaculite  stained  with  man- 
ganese, giving  rise  to  a  black  mass  of  the  name  granular  consis- 
tency as  the  rock  and  often  mistaken  for  good  ore.  A  less  im- 
pure ore,  however,  occurs  in  thin  seams  from  a  fraction  of  an 
inch  to  two  inches  in  thickness,  occupying  cracks  and  joints  in 
the  rock.  Not  much  iron  is  found  with  the  manganese,  though 
sometimes  the  latter  is  stained  rusty  and  occasionally  thin  layers 
of  glossy  limonite  are  seen.  The  shaft  is  said  to  have  passed 
through  nine  feet  of  this  kind  of  rock,  but  the  ore  in  it  is  too 
siliceous  to  be  of  commercial  value.  The  following  analyses 
#)how  its  composition.  The  first  analysis  is  of  the  less  impure 
kind;  the  second  is  of  the  stained  novaculite  which  is  generally 
mistaken  for  good  ore: 

(1)         (2) 
Mangaiesa 40.89       13.31 

Iron 2.17        0.87 

Silica 29.30        74.79 

Phosphorus 0.003       0.015 

The  Silica  in  the  first  sample  is  too  high  to  permit  the  ore  to 
be  classed  as  anything  but  of  very  low  grade  ;  while  in  the  sec- 
ond, the  74.79  per  cent  of  silica  renders  the  material  absolutely 
worthless. 
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Exposures  similar  to  those  described  are  seen  in  namerous 
t)ther  places  on  Mr.  WorthenV  lands  in  1  N.,  13  W.,  sections 
29  and  32,  but  do  not  require  further  mention.  In  section  29, 
the  northeast  quarter  of  the  southeast  quarter,  the  novaculite 
ridge  is  often  stained  along  its  summit  with  iron  and  occasionally 
a  little  manganese,  but  no  commercially  important  quantities  of 
either  ore  are  seen. 

GARLAND   COUNTY. 

General  features. — The  novaculite  ridges  run  through  the 
southern  part  of  Garland  county,  and  manganese  is  found  in 
them  ID  several  places.  No  mining  has  been  done,  however, 
though  a  few  places  have  been  prospected  and  .a  number  of 
claims  have  been  taken  up.  The  manganese  is  in  small  quanti- 
ties of  no  commercial  value. 

Hot  Springs. — The  waters  of  the  Hot  Springs*  issue  from 
the  gray  novaculite  and  deposit  a  calcareous  tufa  on  the  upturned 
edges  of  the  rocks.  This  deposit  is  sometimes  ten  feet  or  more 
in  thickness  and  cements  fragments  of  rock  from  the  hillsides. 
Manganese  is  frequently  found  impregnating  this  material,  either 
as  a  black  coloring  matter  or  as  thin  earthy  seams,  running  through 
the  mass  and  often  cementing  the  rock  fragments.  Manganese 
also  occurs  in  thin  seams  and  nests  in  the  gray  novaculite  which 
forms  the  mass  of  the  hills  in  the  neighborhood.  The  ore  in 
both  rocks  occurs  in  quantities  too  small  to  be  of  any  value. 

The  Rector  and  RouUton  claim  No.  1.  {Iron.) — The  Rector 
and  Roulston  claim  No.  1  is  in  the  southeastern  corner  of  Garland 
t)ounty,  in  4  S.,  19  W.,  section  3,  the  south  part  of  the  southeast 
quarter.  It  is  on  a  ridge  running  in  an  east-west  direction  and 
tsomposed  in  its  central  part  of  a  gray  novaculite,  bordered  on 
either  slope  by  black  or  gray  siliceous  shale.  The  rocks  dip 
almost  vertically.  Iron  ore  in  the  form  of  a  porous  brown  hem- 
atite is  found  on  the  southern  slope  of  this  ridge,  in  the  gray 
novaculite  at  or  near  its  contact  with  the  shale.  The  ore  is  not 
Been  in  place  in  the  rock,  but  masses  of  it  from  one  to  a  hundred 
pounds  in  weight,  as  well  as  large  slabs  of  rock  carrying   masses 

*  These  waters  are    treated  by  the  8t«te  Qeologiat  in  Vol.  II.  of  the  annual  report 
the  Geological  Surrej  for  1890. 
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of  ore,  are  plentifal  along  the  line  where  the  deposit  would  crop 
out  were  it  not  covered  by  loose  material.  Judging  from  the 
character  and  distribution  of  these  masses,  the  ore  in  the  bed 
rock  probably  runs  through  the  noTaculite  in  seams  and  bunches 
from  one  inch  to  several  feet  in  thickness,  and  the  rock  thus  imi- 
pregnated  probably  occupies  a  belt  from  twenty-five  to  thirty- 
five  feet  in  width,  running  in  the  direction  of  the  ridge  and 
bordered  on  either  side  by  barren  rock. 

It  is  not  probable  that  this  iron  ore  will  be  found  in  quao«> 
titles  sufficient  to  work  at  a  profit. 

The  accompanying  analysis  shows  the  ore  to  be  of  good  qual- 
ity in  its  high  percentage  of  iron  and  low  percentage  of  silica^ 
but  it  contains  an  injurious  amount  of  phosphorus.  The  sample 
analyzed  contains  no  manganese,  but  it  is-  not  impossible  that 
small  and  unimportant  quantitits  of  manganese  may  be  found  in 
the  same  deposit  elsewhere  on  the  property. 

Analysis  of  iron  ore  from  the   Rector   and  RouUton  daim^ 

Oarland  County. 

MeUUic  iron 67.54 

MetalUo  nuinganMe noae. 

Silica 2.96 

Phosphorns 0.67 

Alumina. 0.22 

Three  hundred  yards  north  of  this  ridge,  is  another  parallel 
though  somewhat  lower  ridge.  On  both  of  its  slopes,  at  the 
lines  of  contact  of  the  gray  novaculite  which  forms  the  upper 
part,  with  the  siliceous  shale  which  forms  the  lower  parts  oa 
both  sides,  are  exposures  of  iron  ore  similar  to  that  just  de- 
scribed. Small  masses  of  a  hard  manganese  ore  occur  with  the 
iron  ore,  but  both  ores  are  in  very  limited  quantities. 

The  Rector  and  Roulston  claim  No.  2.  (Iron.) — The  Rector 
and  Roulston  claim  No.  2  is  in  the  southeast  corner  of  Garland 
county,  less  than  half  a  mile  north  of  the  line  of  Hot  Spring  county, 
in  4  B.,  19  W.,  section  10,  the  south  half.  Iron  ore  is  found  in  the 
same  rock  and  in  the  same  position  as  at  the  last  localities 
described.  The  ore  itself,  however,  differs  slightly  from  the  ore 
at  those  places.  It  is  of  a  bright  vitreous  nature,  frequently 
honeycombed  with  small  cavities.     It  occurs  in  thin   seams  and 
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pockets,  Irom  a  fraction  of  an  inch  to  three  inches  in  thickness, 
impregnating  the  gray  novaculite  for  a  width  of  about  ten  feet^ 
and  often  giving  the  rock  a  brecciated  appearance.  This  ore- 
bearing  part  of  the  novaculite  occurs  just  above  the  contact  of 
that  rock  with  the  siliceous  shale,  on  the  north  slope  of  the 
ridge.     The  ore  is  not  seen  in  workable  quantities. 

HOT  SPRING  COUNTY. 

General  features, — The  novaculite  ridges  run  in  a  general, 
east  and  west  direction  through  the  northern  part  of  Hot  Spring 
county  and  the  extreme  northern  limits  of  Clark  and  Pike 
counties.  In  Hot  Spring  and  Clark  the  ridges  are  commonly 
called  the  Trap  Mountains,  though  they  are  also  known  by 
various  individual  names.  The  term  Jack  Mountain  is  applied 
to  a  noted  ridge  in  Hot  Spring  county,  and  sometimes  the  same 
name  is  used  to  indicate  the  whole  of  the  eastern  part  of  the 
Trap  Range.  Manganese  has  been  found  in  many  parts  of  this 
area,  but  no  ore  has  been  shipped,  and  a  few  small  prospect  pits 
represent  all  the  work  that  has  been  done.  ^No  workable  qum- 
tity  of  manganese  ore  has  been  discovered  in  the  Trap  Mountains. 
(See  png^s  306-308.)  . 

The  Booker  claim,^  {Manganese,) — The  Booker  claim  is  in 
4  S.,  20  \V.,  section  30,  the.  southeast  quarter,  on  what  is  known 
as  Carbonate  Mountain.  Carbonate  Mountain  is  one  of  the 
most  southerly  of  the  east-west  novaculite  ridges  comprising  the 
Trap  Mountains  in  the  northern  part  of  Hot  Spring  county. 
About  three  miles  north  by  west  from  the  village  of  Bismarck^ 
Big  Hill  Creek  cuts  through  Carbonate  Mountain  and  forms  a 
steep  ravine,  on  either  side  of  which  the  mountain  pursues  its 
east  and  west  course. 

On  the  west  side  of  the  ravine,  and  about  forty  feet  above 
the  level  of  the  creek,  a  small  pit  eight  feet  in  depth  has  been 
made  in  the  gray  novaculite.  The  rock  is  brittle  and  hard, 
and  frequently  contains  cavities  lined  with  quartz  crystals.  In 
the   sides   of  the  pit  are  a   number  of  thin  seams   and    nests 

*Thl8  property  ia  described  by  T.  B.  Oomstock  uader  the  name  of  Bueua  Vista. 
Lode  in  Vol.  I.  of  the  annual  report  of  the  Geological  Surrey  for  1888,  p.  89. 

22  Geological,  Vol.  i.,  1890. 
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of  manganese  ore,  from  a  sixteenth  of  an  inch  to  one  inch  in 
thickness,  running  through  the  rock  in  all  directions.  Mas^s 
of  manganese  ore  four  or  five  inches  in  diameter  are  said  to  have 
been  found.  In  some  places  the  ore  is  a  crystalline  pyrolusite, 
associated  with  a  harder  manganese  ore,  and  sometimes  coDtains 
more  or  less  iron. 

The  pit  shows  a  breadth  of  ten  feet  of  novaculite  impreg- 
nated with  ore;  and  elsewhere  on  the  surface  similar  eicpoaures 
are  seen  for  a  breadth  of  twenty-five  feet  or  more.  The  belt 
rirsupthe  slope  of  the  hill  and  has  been  opened  again  in  a 
saiali  pit  about  fifly  feet  higher  than  the  l:t!^t.  Thence  it  con- 
tinues intermittently  along  the  ridge.  Some  of  the  ore  is  a  good 
quality  of  pyrolusite,  but,  so  far  as  seen  in  the  openings,  it  is  in 
small  quantities. 

The  F.  HoUtein  claim  No.  1.  {Mmiganese.)  ^The  V.  Hol- 
stein  claim  No.  1  is  in  4  S.,  19  W.,  section  22,  the  southwest 
quarter,  and  is  on  the  most  southerly  of  the  east-west  novaculite 
ridges  in  this  part  of  Hot  Sprini^  county.  A  small  branch  of 
Prairie  Bayou  cuts  through  the  mountain  on  this  property,  and 
the  novaculite  blufis  rise  to  a  height  of  from  a  hundred  and 
twenty-five  to  a  hundred  and  fifty  feet  above  the  creek.  Half 
way  up  the  side  of  the  bluflf  a  pit,  three  feet  in  depth,  has  been 
made  in  the  gray  novaculite.  It  has  exposed  thin  seams  of 
pyrolusite,  as  well  as  a  harder  ore,  from  .the  thickness  of  a  sheet 
of  paper  to  half  an  inch,  forming  a  network  in  the  rock  and  fre- 
quently comprising  the  cement  of  a  breccia  of  novaculite  frag- 
ments.    Small  quantities  of  iron  pyrites  also  occur  in  the    rock, 

I%e  F.  Holstein  claim  No.  2.  {Manganese.) — The  F.  Hol- 
stein  claim  No,  2  is  in  4  S.,  19  W.,  section  21,  the  southwest 
quarter,  a  mile  west  of  the  last  locality,  on  the  same  mountain, 
and  in  a  similar  position  on  the  side  of  a  ravine.  The  mangan- 
ese occurs  in  nests  and  discontinuous  seams,  from  one  to  three 
inches  in  thickness.  It  is  crystalline  and  is  sometimes  associ- 
ated with  harder  massive  ore,  the  two  varieties  blending  into 
each  other.  The  manganese  is  in  the  gray  novaculite  near 
its  contact  with  the  black  siliceous  shale.  Similar  ores  are  said 
to  be  found  between  claims  Nos.  1  and  2. 
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The  Conley  Sullivan  claim.  {Manganese  and  iron.) — The 
Oonley  Suliivan  claim  is  in  4  S.,  20  W.,  section  26,  the  north-^ 
west  quarter  of  the  southeast  quarter,  on  the  north  side  of  an 
irregular  rocky  hill  of  gray  novaculite.  Manganese  and  iron 
ore  occur  together  in  the  rock,  and  the  surface  of  the  hillside  is 
strewn  with  fragments  of  both.  The  manganese  is  a  compact, 
black,  massive  ore,  porous  and  often  in  stalactitic  forms.  The 
iron  occurs  as  a  brown  hematite,  often  porous  and  of  a  brittle, 
vitreous  character.  Both  ores  occur  either  in  separate  masses, 
or  in  an  intimate  admixture.  Sometimes  small  stalactitic 
branches  are  found  which  are  composed  of  manganese  on  the 
outside  and  iron  ore  on  the  inside.  In  one  place  there  is  seen  a 
solid  mass  of  the  mixed  ores,  in  which  manganese  largely  pre- 
dominates, measuring  30  inches  long  by  18  inches  in  width  and 
thickness,  and  weighing  several  hundred  pounds.  Many  similar 
though  smaller  masses  are  strewn  over  the  surface;  and  though, 
on  account  of  the  debris,  good  exposures  of  the  ore  in  place 
in  the  bed  rock  cannot  be  seen,  it  is  possible  that  a  pocket  of 
ore  exists  here  of  a  larger  isize  than  elsewhere  in  the  surround- 
ing region.  Its  extent,  however,  has  not  been  proved.  The 
following  analysis  shows  the  composition  of  this  ore  : 

Analysis  of  manganese  ore  from  the  Conley  Sullivan   claim,   Hot 

Spring  county. 

Maoganese^ 41.54 

Iron^ 14.16 

Silica 1.29 

Phosphorus » 0.M 

Idanganese  peroxide.. 60.58 

The  Henry  Little  claim.  {Iron.) — The  Henry  Little  claim 
is  in  the  western  part  of  the  Trap  Mountains,  in  4  8.,  21  \V., 
section  15,  the  northwest  quarter,  and  is  less  than  half  a  mile 
southeast  of  Lightfoot  Springs.  A*  few  blasts  have  been  made 
on  this  property  in  a  novaculite  ledge  carrying  the  same  porous 
and  stalactitic  iron  ore  as  that  found  at  the  Conley  Sullivan 
claim,  except  that  there  is  little  or  no  manganese  with  the  iron. 
The  ore  is  often  coated  with  a  brilliant  red   ochre.     The   thick- 
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ness  of  the  deposit  cannot  be  seen,  as  it  is  mostly  covered  by 
debris,  but  some  large  masses  of  ore  weighing  several  hundred 
pounds  have  been  blasted  out.  What  has  already  been  .said  ^as 
regards  the  quantity  of  ore  at  the  Conley  Sullivan  claim  may 
alsf)  be  applied  here. 

The  same  lead  of  ore  is  said  to  be  traceable  for   four    miles- 
east^  and  two  miles  west  of  Lightfoot  Springs. 

Other  localities  in  Hot  Spring  county, — Manganeiie  and  iron 
have  been  found  in  4  S.,  22  W.,  section  34.  This  locality  is  in 
the  western  part  of  the  Trap  Mountains,  on  a  novaculite  ridge 
running  in  a  direction  a  little  south  of  west  through  the  northern 
half  of  the  section.  A  hard,  steel-blue,  massive  manganese  ore,, 
associated  with  the  usual  brown  hematite,  permeates  the  rock  in 
thin  seams,  a  traction  of  an  inch  in  thickness,  though  sometimes 
larger  masses  from  three  to  five  inches  in  diameter  occur.  The 
outcrop  can  be  traced  at  intervals  for  more  than  a  mile  lilong 
the  strike  of  the  novaculite,  in  some  places  following  the  south 
slope  of  the  hill,  in  others  rising  to  the  summit.  In  places 
it  is  only  a  stain  or  disappears  altogether,  appearing  again  a 
short  distance  beyond. 

CLARK   COUNTY. 

Small  quantities  of  iron  ore  occur  in  5  S.,  22  W.,  four  miles 
west  of  Point  Cedar,  in  the  novaculite  ridge  that  runs  in  a 
general  direction  of  a  little  south  of  west  through  the  extreme 
northwestern  part  of  Clark  county.  The  ore  appears  in  a  sag  on 
the  summit  ot  the  ridge,  and  is  in  quantities  too  small  to  be  of 
of  any  value.     It  is  but  little  more  than  a  stain. 

PIKE   COUNTY. 

Rundle^s  Creek.  {Manganese  and  iron,) — Bundle's  Creek 
is  a  small  branch  of  the  South  Fork  of  the  Caddo  River  runoing 
east  through  the  northwest  part  of  5  8.,  25  W.,  and  bordered  on 
either  side  by  novaculite  ridges.  In  section  4,  the  southeast 
quarter  of  the  northeast  quarter,  on  the  slope  of  the  ridge  im« 
mediately  north  of  the  creek,  small  quantities  of  brown  hematite 
with  a    little  earthy   manganese   ore  occur.      The   ore   forms 
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the  cement  of  a  well  developed  breccia  of  novaculit^  fragments, 
but  composes  only  a  small  fraction  of  the  mass.  The  breccia  in 
places  is  from  ten  to  fifteen  feet  in  width,  but  the  ore  is  very  lim- 
ited in  quantity.  Similar  outcrops  occur  along  the  slope  of  the 
mountain,  in  the  direction  of  the  strike  of  the  rocks,  for  a  mile, 
and  they  are  said  to  be  traceable  for  a  still  greater  distance. 

In  section  4,  the  southeast  quarter,  a  short  distance  south  of 
Bundle's  Creek  and  on  a  spur  of  the  main  mountain,  there  is 
iron  ore  associated  with  small  quantities  of  manganese  ore.  It 
occurs  in  small  irregular  pockets  in  the  gray  novaculite.  The 
iron  ore  is  frequently  composed  of  nodules  with  a  radiating 
structure  and  from  an  eighth  of  an  inch  to  one  inch  in  diameter. 
The  main  ledge  is  obscured  by  loose  material,  but  fragments  of 
iron  ore  from  fifty  to  a  hundred  pounds  in  weight  are  seen.  One 
pocket,  in  place  in  the  rock,  measured  between  three  and  four 
fet't  aoross.     The  quantity  of  ore  is  small. 

The  W.  H,  Coffman  claim.  {Manganese,) — The  W.  H. 
'Coffman  claim  is  in  5  8.,  25  W.,  section  9,  on  a  small  creek 
flowing  over  the  gray  novaculite.  A  soft,  granular,  pyrolu'^ite 
occurs  in  thin  seams,  half  an  inch  and  less  in  thickness,  in  the 
bed  of  the  creek,  and  similar  outcrops  are  traceable  along  the 
^ast  side  of  the  creek  for  about  fifty  feet. 

Ores  similar  to  those  already  described  at  the  last  three 
placfs  are  seen  in  many  parts  of  the  surrounding  country,  and 
what  has  already  been  said  will  apply  to  all  of  them.  They 
follow  the  summits  and  slopes  of  the  ridges,  and  are  represented 
either  simply  by  a  stain  or  by  thin  seams  and  pockets.     * 

Line  Mountain.  {Manganese  and  iron^ — Line  Mountain  is 
a  novaculite  ridge  running  east  and  west  approximately  on  the 
boundary  line  of  Pike  and  Montgomery  counties,  two  miles 
south  of  Fancy  Hill  Post-office.  Manganese  and  brown  lami- 
nated iron  ore  are  found  along  the  southern  slope  of  the  moun- 
tain, in  Pike  county.  The  manganese  ore  is  generally  a  sofl, 
black  mass  sometimes,  however,  in  harder,  stalactitic  forms,  and 
occasionally  has  a  plumose  crystallization.  The  main  outcrop 
is  obscured  by  loose  material,  but  small  fragments  of  both  the 
iron  and  the  manganese  ores  are  scattered  at  intervals  along  the 
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* 


iuuuntain  slope,  and  in  one  cape  a  mass  of  the  latter  ore  was  seeik 
which  measured  four  inches  in  thickness  and  about  twelve  inches  in 
length  and  breadth.  Similar  fragments  of  ore  are  said  to  be^ 
traceable  along  this  slope  at  intervals  for  seven  miles.  The 
quantity  of  both  manganese  and  iron  is  exceedingly  limited. 

The  following  analysis  shows  the  composition  of  the  ore^ 
from  Line  Mountain : 

Analysis  of  manganese  ore  from  Line  Mountain,  Pike  county^ 

Mgnganeae.....i».. ^ 80.9S 

Iron 9.21 

Silicft.  ..MaM 5.8C 

Phosphorut ^    0.S2 

Maoginese  peroxide 42.09 

Other  localities  in  Pike  county,  (Iron.) — In  the  northerly 
part  of  6  S.,  27  W.,  and  on  the  south  slope  of  the  most  southerly 
of  the  novaculite  ridges  in  the  northern  part  of  Pike  county,  i& 
a  series  of  soft,  earthy  sandstones,  with  interbedded  red  and  gray 
shales.  Numerous  outcrops  of  brown  hematite  occur  in  the 
sandstone,  in  one  place  forming  a  bed  three  feet  thick,  in  another^ 
forming  small  pockets  and  discontinuous  layers.  No  manganese 
was  seen.  Ores  similar  to  those  described  but  in  smaller  qoan^ 
tities  are  traceable  westward  on  the  slope  of  the  same  mountain 
for  three  miles,  to  within  a  mile  of  the  Little  Missouri  River. 

«  MONTGOMERY   COUNTY. 

Oeneral  feaiures. — The  novaculite  ridges  pass  through  the^ 
southern  part  of  Montgomery  county,  from  Mazarn  Creek  on  the 
east,  across  the  Caddo  River,  to  the  head  of  the  Little  Missouri 
River  on  the  west.  In  the  eastern  part  of  this  area,  the  novaca^ 
lite  is  represented  by  a  series  of  ridges  which  curve  around  and 
join  each  other  at  their  extremities,  thus  forming  one  continuooa 
but  very  tortuous  ridge.  This  structure  ]s  directly  dependent  oa 
the  folding  of  the  rocks,  resulting  from  the  disturbance  to  which 
the  region  has  been  subjected,  as  explained  in  the  last  chapter^. 
A  few  minor  disconnected  ridges  also  occur.     In  the  region  froia 
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Mazarn  Creek  to  Cuddo  Gap,  on  the  Caddo  Biver^  but  little 
manganese  has  been  found.  Several  deposits  of  iron  ore  occur  in 
the  position  usually  occupied  by  manganese,  and  in  such  places 
claims  have  often  been  taken  up  on  the  supposition  that  the  ore 
was  manganese.  This  has  given  an  erroneous  idea  of  the  quantity 
of  the  manganese,  though  even  the  iron  ore  is  limited  in  amount. 
At  Caddo  Gap  the  Caddo  River  cuts  a  deep  gulch  through 
the  main  novaculite  range.  Thence  west  to  the  Little  Missouri  ' 
River,  the  ridges  become  more  and  more  numerous,  until  at  the 
head  waters  of  that  stream  the  most  rugged  part  of  the  novaculite 
belt  is  reached.  The  head  waters  of  the  Little  Missouri  River 
rise  partly  in  the  southwest  corner  of  Montgomery  county  and 
partly  in  the  southeast  corner  of  Polk  county,  but  the  main  stream 
is  a  short  distance  across  the  line  in  the  former.  The  region  has 
been  greatly  disturbed  and  the  river  follows  a  circuitous  southerly 
course  through  the  series  of  east  and  west  ridges  that  bar  its  way. 
At  times  it  flows  parallel  to  the  ridges  for  short  distances  and 
then  turns  sharply  to  the  south,  plunging  through  a  series  of 
.  rocky  passes  from  which  the  white  novaculite  rocks  rise  in  steep 
bluffs.  The  river  emerges  from  the  mountains  in  the  extreme 
northwest  corner  of  Pike  county,  passing  its  last  canyon  between 
two  of  the  most  characteristic  bluffs  of  the  region,  and  bears  off 
thence  through  the  less  rugged  country  to  the  south,  finally  dis- 
charging its  waters  into  the  Ouachita  River.  No  deposits  of 
manganese  ore  which  can  be  worked  in  any  way  but  on  a  small 
scale  have  been  found  in  Montgomery  county,  and  only  very^ 
few  of  then  can  be  worked  at  all.     (See  pages  306-308.) 

The  Meyer  Creek  claims.  {Manganese  and  iron^.  —Meyer 
Creek  is  a  small  stream  rising  southwest  of  Crystal  Springs  and 
flowing  southeast  into  Mazarn  Creek.  In  3  8.,  22  W.,  section 
16,  it  cuts  a  deep  gorge  through  tbe  novaculite  ridge  which 
passes  in  a  zigzag  course  southwest  through  this  part  of  Mont- 
gomery county.  On  the  part  of  the  ridge  that  runs  west  from 
the  creek,  a  few  fragments  of  brown  hematite,  occasionally 
associated  with  small  quantities  of  hard,  black  manganese  ore 
have  been  found,  and  several  claims  have  been  taken  up.     Similar 
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materials  are  occasionally  seen  in  place  in  the  novaculite,  but  the 
<)uantity  is  exceedingly  small  and  of  no  commercial  importance. 
.  The  Bud  Jones  claim  No.  1.  {Iron») — The  Bud  Jones  claim 
No.  1  is  in  3  8.,  23  W.,  section  22,  the  >outheast  quarter  of  the 
northeast  quarter.  This  tract  is  about  five  miles  west  by  south 
from  the  claims  already  described  on  Meyer  Creek,  and  on  a 
ridge  rising  over  four  hundred  feet  above  Mazirn  Creek,  which 
is  less  than  a  mile  to  the  southwest.  The  gray  novaculite  forma 
the  crest  and  upper  slopes  of  the  ridge,  and  the  siliceous  shale 
forms  the  lower  slopes.  On  the  south  side  of  the  mountain,  in 
the  gray  novaculite,  and  just  above  the  contact  of  that  rock  with 
the  siliceous  shale,  is  a  deposit  of  iron  ore. 

The  ore  is  massive,  of  a  bright  submetaliic  lustre,  steel- 
gray  color,  and  a  reddish-brown  streak.  It  has  the  physical 
properties  of  hematite,  but  chemically  it  differs  from  it  in  con- 
taining 8.05  per  cent  of  water.  It  has  already  been  described  on 
page  317.  The  outcrop  is  mostly  obscured  by  loose  material,  but 
where  exposed,  it  has  a  maximum  thickness  of  two  feet.  If  it 
were  stripped,  it  would  probably  be  found  wider  in  some  places. 
The  outcrop  is  traceable  for  about  a  hundred  yards  aloui^j  the 
slope  of  the  hill,  and  strikes  in  an  easterly  direction  towards  the 
summit.  It  could  probably  be  traced  farther  were  it  not  covered 
by  debris.  The  ore  occasionally  contains  layers  or  ma*»ses  of 
gray  novaculite,  and  sometimes  forms  the  cement  of  the  breccia  of 
novaculite  fragments.  It  is  undoubtedly  an  interbedded  deposit 
at  the  contact  of  the  novaculite  and  si!i<*eous  sh.ile,  or  in  the 
former  near  the  contact.  In  the  hollow  at  the  foot  of  this 
mountain  are  found  numerous  masses  of  this  ore  that  have  rolled 
from  above,  some  of  them  weighing  several  hundred   pounds. 

The  accompanying  analysis  shows  the  composition  of  the 
ore  on  this  property  : 

Analysis  of  iron  ore  from  (he  Bud  JoneH  clainij  Montgomery  county. 

Iron ci.yy 

Manganeiic. 0.04 

Sillci 1..->.J 

Phosphorus „ 0.2u 

Water 8  03 
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The  aaalysis  shows  the  ore  to  be  of  good  quality  ia  its  high 
^percentage  of  iron  and  low  silica,  but  it  coiitams  an  injurioua 
quaotity  of  phosphorus. 

In  the  siliceous  shale  that  borders  the  gray  novaoulite  on 
either  side,  are  found  interstralified  beds  of  ordinary  brown 
hematite^  from  one  to  three  feet  ia  width,  generally  mixed  with 
more  or  les^  sbaty  material.  Sometimes  the  beds  are  entirely 
replaced  by  shale,  while  perhap.s  a  few  hundred  yards  farther  on 
tb'ey  appear  again,  the  truusitiou  being  often  sharp.  The  re- 
lation of  the  different  rocks  to  the  different  kinds  of  iron  ore 
found  on  this  property  is  shown  in  the  accompanying  figure, 
which  represents  a  section  in  a  north-south  direction  across  the 
ridge  on  which  the  claim  is  situated.  The  deposit  marked  D  is 
the  ore  described  fii-et,  of  which  an  analysis  is  given  above.  The 
deposits  marked  C  represent  the  brown  hematite  in  the  siliceous 
shale.  The  continuation  of  the  ore  below  the  surface,  as  rep- 
resented in  the  figure  is  imaginary,  as  no  mining  has  been 
ilone,  but  it  shows  the  geueral  direction  of  the  downward  ex- 
tension of  the  deposits.  The  thickness  of  the  ore-beds  as  repre- 
sented in  the  figure  is  greatly  exaggerated,  this  being  necessary 
in  order  to  make  the  position  of  the  deposits  clear. 


an  Ihioagh  the  Bud  Janet  cialm^  Mbntgonfr]/  county,  thowlnff 


UarlzDoUt  wile  :  I  lDcLi-9«a  fHrdi.    Vertical  Kile :  1  iiich-4W[Ml. 

The  Bud  Jones  claim  No  2.  (Iron.) — The  Bad  Jones  claim 
'Ho.  2  is  in  3  8.,  23  W.,  section  23,  the  southwest  quarter.  It  is  less 
than  a  mile  south-by-east  from  the  last  locality.  Fragments  of 
iron  ore  similar  to  the  first  kind  described  at  the  last  place  are 
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scattered  over  the  surface.     The  ore  is  not  seen  iu  place,  as  the- 
Diain  deposit  is  concealed  by  loose  material.     The  surface  frag- 
ments are  frequently  made  up  of  a  mass  of  thin  stalactitic  branches,^ 
from  a  sixteenth  to  a  quarter  of  an  inch  in  diameter. 

The  Bud  JoneB  claim  No.  3.  {Iron.) — The  Bud  Jones  claim  No. 
3  is  in  3  S.,  23  W.,  section  29,  the  north  half.  This  claim  is  on 
the  north  side  of  a  novaculite  ridge  and  half  way  up  its  slope« 
The  gray  novaculite  forms  the  summit  and  the  upper  half  of  the 
ridge,  and  the  siliceous  shale  forms  the  lower  slope.  The  rocks, 
all  strike  east-west  and  dip  steeply  to  the  north.  A  seam  two 
and  a  half  feet  in  thickness  of  a  porous  brown  iron  ore  occara. 
in  the  gray  novaculite,  and  is  often  coated  with  a  brilliant  red 
ochre.  Unlike  most  of  such  exposures,  however,  the  larger  part 
of  the  ore  does  not  lie  in  the  bedding  of  the  rock,  but  dips  at 
about  70^  east,  and  strikes  north  and  south  directly  across  the 
stratification.  On  the  slope  of  the  ridge,  the  gray  novaculite 
forms  an  almost  vertical  ledge  for  ten  or  fifteen  feet  above  its 
contact  with  the  siliceous  shale,  and  in  the  face  of  this  ledge  a 
cross  section  of  the  ore  deposit  is  well  exposed.  Twenty  feet 
above  the  shale,  the  deposit  thins  out  to  a  few  inches  in  width. 
Sections  of  similar  though  smaller  deposits,  from  one  to  twelve 
inches  iu  thickness,  are  seen  in  the  face  of  the  ledge.  Some- 
times thin  layers  or  small  pockets  of  the  same  kind  of  ore  follow 
the  contact  of  the  two  rocks  in  the  normal  interbedded  manner. 
The  other  deposits  probably  represent  crevices  filled  with  iron 
ore  derived  from  originally  interbedded  ores  iu  the  novaculite* 
The  following  analysis  shows  the  composition  of  this  ore: 

Analysis  of  iron  ore  from  the  Bud  Jones  claim,  Montgomery  county^ 

Iron 54.64 

lianganMO 0  80 

Silicm 0.84 

PboiphoruB 1.79 

The  Dunney  claim.  {Iron.) — The  Dunney  claim  is  in  3  S., 
23  W.,  section  30,  the  northeast  quarter  of  the  northeast  quarter. 
It  is  about  a  half  mile  west  of  the  last  claim,  on  the  summit 
of  the  same  gray  novaculite  ridge.  The  ore  deposit  consists  of 
a  breccia  of  soft,  angular,  novaculite  fragments,  from  a   fraction 
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of  an  inch  to  six  inches  in  diameter,  cemented  in  a  bright  sub- 
metallic,  steel-gray  iron  ore.*  The  ore  is  generally  in  the  form 
of  thin  seams,  a  fraction  of  an  inch  in  thickness,  cementing  the 
rock  fragments ;  though  sometimes  pure  masses  several  inche'ai 
in  diameter  are  seen.  Occasionally  it  is  in  mammillary  or  stal- 
actitic  form**,  or  in  small,  flat  nodules  stuck  to  the  novaculite 
fragments.  The  breccia  runs  along  the  ridge,  but  rapidly  thins^ 
out  in  either  direction. 

An  examination  of  the  breccia  shows  that,  though  the  frag- 
ments of  the  rock  are  separated  by  thin  layers  of  ore,  the  angles 
of  any  two  pieces  directly  opposite  each  other  would  almost 
always  fit  together  if  the  ore  were  removed.  It  is  probable,, 
therefore,  that  the  brecciatipn  is  caused  by  the  shattering  of  the 
rock  in  place,  and  not  by  the  cementing  together  of  novaculite 
fragments  indiscriminately  mixed  together. 

The  Golden  Gate  claim.  (Iron.) — The  Golden  Gate  clain^ 
is  in  3  S.,  23  W.,  section  31,  the  northwest  quarter.  Here 
the  same  breccia  is  seen  as  at  the  last  place,  except  that  the  iron- 
ore  has  a  brown,  dull,  earthy,  porous  appearance  instead  of  a 
bright  submetallic  lustre;  a  fact,  however,  which  may  be  due  to 
surface  weathering.  The  thickness  of  the  outcrop  is  not  seen  od 
account  of  the  covering  of  loose  material,  but  fragments  of  ore< 
are  scattered  for  a  distance  of  over  two  hundred  yards  along  the 
north  slope  of  the  mountain.  Occasionally  masses  of  pure  ore^ 
from  one  to  two  hundred  pounds  in  weight,  are  found. 

Township  4  S.,  24  TT.     {Manganese  and  iron,) —  The  maiD 
novaculite  ridge  passes  through  this  township  from  northeast  to 
southwest,  in  a  series  of  irregular  folds  that  at  times  run  parallel 
to  each  other  for  two  or  three  miles,   and  then,  curving   around 
again,  run  oS  in  the  opposite  direction.     This  is  one  of  the  best 
examples  seen  in  the   novaculite  region  of  the  relation   of  the 
topography  to  the  geologic  structure:  from  the  summit  of  one 
of  the  higher  ridges,  the  efiect  of  the  disturbance  that  brought  the  , 
rocks  into  their  present  position,  can  be  clearly  traced  along  each 
ridge  and  around  the  semicircle  formed  where  they  carve  in  the 

*  This  or«  is  the  one  referred  to  on  page  817  ai  representing  the  mioenl  torgite. 
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opposite  direction.*  Tbe  ridges  rise  from  five  hundred  to  six 
hundred  feet  or  more  above  the  Caddo  River.  Small  quantities 
of  iron  ore  are  found  in  the  novaculite  at  many  places  in  these 
hillp,  and  still  smaller  quantities  of  manganese  ore  also  occur  in 
associations  similar  to  those  already  described.  Both  ores  are  in 
-<juantities  of  no  importance  whatever  and  do  not  require  further 
mention. 

Caddo  Gap. — Caddo  Gap  is  a  deep  gorge  through  which 
the  Caddo  River,  in  the  western  part  of  4  S.,  24  W.,  crosses  one 
of  the  main  novaculite  ridges.  Beyond,  to  the  west,  the  ridge 
rises  again  to  a  height  of  five  hundred  and  fifty  feet,  and  contin- 
ues towards  the  head  waters  of  the  Little  Missouri  River. 

In  the  bluff  on  the  we^t  side  of  the  Caddo  River,  immediately 
north  of  the  village  of  Caddo  Gip,  a  stain  of  iron  occurs  in  the 
novaculite  at  the  contact  of  that  rock  with  the  shale^  on  both 
sides  of  the  ridge,  and  occasionally  small  masses  of  solid  ore  are 
seen.  These  exposures  are  traceable  thence  westward,  but  the 
quantity  of  ore  is  insignificant  and  of  no  commercial  importance. 

*' S  Crossing. '^  {Iron.)  —  Such  occurrences  as  those  just 
^mentioned  are  again  seen  on  a  trail  crossing  the  ridge  about  two 
miles  west- by -north  from  the  village  of  Caddo  Gap.  The  trail 
passes  through  a  circuitous  gorge,  from  which  the  name  "  S 
-Crossing"  has  been  derived.  In  places  on  the  south  slope  of  the 
mountain,  on  this  trail,  the  novaculite  is  stained  a  deep  rusty 
oolor,  and  contains  thin  seams  and  pockets  of  the  iron  ore  already 
described.  These  vary  from  one  to  eighteen  inches  in  thickness 
and  occur  in  a  belt  of  novaculite  about  fifty  feet  wide.  They 
are  not  seen  in  workable  quantities. 

North  Mountain,1[  {Manganese  and  iron.) — North  Mount- 
ain is  the  name  locally  applied  to  the  novaculite  ridge  running 
-north  of  west  in  4  S,,  26  W.,  about  two  miles  north  of  Fancy 
Hill  Post-office,  and  is  the  continuation  of  the  ridge  at  Caddo 
•Gap.  On  the  slopes  of  the  mountain  the  iron  and  man- 
ganese  stratum    occurs    in    the  gray  novaculite  near  its  contact 

*So€  report  of  L.  S.  Griswold,  Vol.  III.  of  the  nnnunl  report  of  the  (ieological  Surrey 
for  1890. 

tThis  name  is  also  applied  to  sereral  other  ridges  in  the  Ouachita  MountalDS,  as 
'wiU  be  seen  in  the  deacrlptlons  giren  later  in  this  chapter. 
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with  the  shale,  and  follows  the  strike  of  the  rocks  along  the 
ridge.  Both  the  iron  and  manganese  are  in  small  quantities, 
the  latter  especially  so,  and  the  ore-bearing  stratum  is.  usually 
marked  only  by  a  ferruginous  stain  or  by  small  seams  or  bunches 
of  iron  ore. 

The  Barns  claim,^  {Iron,) — This  one  of  the  Burns  claims 
is  in  4  S.,  26  W.,  section  18,  the  southwest  quarter,  and  is  on  a 
low  foot-hill  of  the  main  ridge  lying  to  the  north.  The 
gray  novaculite  forms  the  south  slope  and  the  siliceous  shale  the 
north  slope,  their  contact  coming  at  the  crest  of  the  hill.  Along 
this  contact  line  numerous  flat  masses  of  a  laminated  brown 
hematite,  from  three  to  twelve  inches  in  thickness,  are  found 
among  the  loose  rock.  Very  little  stripping  has  been  done  and 
the  main  body  of  ore  is  not  exposed,  so  that  the  full  thickness  of 
the  deposit  cannot  be  seen,  but  the  ore  is  probably  limited  in 
extent. 

Larger  quantities  of  a  similar  ore,  however,  are  found  in  the 
hollow  separating  this  hill  from  the  mountain  to  the  north,  and 
in  one  place  a  bed«  ten  feet  thick  was  seen.  In  many  other 
places  in  the  neighborhood,  both  to  the  east  and  to  the  west^ 
similar  though  somewhat  smaller  outcrops  occur.  The  ore  in- 
termittently blends  into  the  shale  and  disappears. 

Fancy  HHl  Moujitain.  {Manganese  and  iron.) — Fancy  Hill 
Mountain  is  in  4  S.,  26  W.,  section  28,  and  is  a  novaculite  ridge 
having  a  general  direction  of  a  little  north-of- west  and  south-of- 
east.  It  begins  just  south  of  Fancy  Hill  Post-office  and  bears 
thence  towards  the  head  waters  of  the  Little  Missouri  River. 
On  the  northeast  slope  and  about  three-quarters  of  a  mile  west  of 
the  post-office,  a  deposit  of  mixed  manganese  and  iron  ore^ 
follows  the  strike  of  the  ridge.  The  manganese  ore  is  a  hard, 
black  variety,  and  the  iron  is  in  the  form  of  a  bright,  vitreous^ 
brown  ore,  often  having  a  honeycombed  structure.  The  two 
are  intimately  mixed  together,  the  iron  being  much  the  more 
plentiful ;  and  sometimes  nodules  of  manganese,  from  a  frac- 
tion of  an  inch  to  one  inch  in  diameter,  are  cemented  in  a  matrix 

*  Mr.  Burna  hit  a  Urge  number  of  maoganeae  and  iron  claimi  in  Montgomery  and, 
Polk  counties,  and  they  are  described  in  the  order  of  their  oocurrenee  in  tbeea  countiea. 
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of  iron  ore.  Sometimes  the  ores  are  comparatively  free  from 
any  admixture  of  rock,  and  at  other  times  they  form  the  cement 
of  a  Dovaculite  breccia.  The  total  width  of  the  deposit  is  about 
twenty  feet,  and  on  each  side  scattered  masses  and  pockets  of 
ore  occasioDally  occur  in  the  novaculite.  The  ore  is  rarely  seen 
in  place,  but  numerous  large  masses  of  it  are  scattered  over  the 
surface.  The  ore-bearing  stratum  forms  the  crest  of  a  small 
spur  and  dips  almost  vertically.  It  rapidly  grows  thin  both  to 
the  east  and  to  the  west. 

The  deposit  represents  a  pocket  of  ore  much  larger  than  is 
usually  seen  in  the  gray  novaculite,  but,  as  shown  by  the  accom- 
panying analysis,  it  is  of  poor  quality  for  use  in  the  manufacture 
of  spiegeleisen  and  ferro-manganese  on  account  of  its  high  per- 
centage of  phosphorus ;  and  its  association  with  iron  renders  it 
undesirable  for  many  chemical  purposes.  Its  high  percentage  of 
peroxide  of  manganese,  however,  would  for  some  purposes 
-counterbalance  the  latter  disadvantage. 

Analysis  of  manganese  ore  from  Fancy  Hill  Mountain^  Mont^ 

gomery  county. 

Manganese ~ 48.02 

Iron 5.55 

Silica...... 0.52 

Phoaphorat 0.31 

MaDganeae  peroxide 71.73 

Caddo  Mountain.  {Iron.) — Caddo  Mountain  bears  east  and 
west  through  the  extreme  southwestern  part  of  3  S.,  26  \^.,  and 
into  3  8.,  27  W.  It  runs  parallel  to,  and  on  the  immediate  south 
side  of  the  Caddo  River,  rising  about  400  feet  above  it.  Tbe 
crest  and  the  upper  part  of  the  ridge  are  composed  of  gray  no- 
vaculite, and  the  black  siliceous  shale  occurs  on  the  slopes.  On 
the  summit  are  numerous  outcrops  of  a  black  or  dark  brown  iron 
ore,  with  a  bright  metallic  lustre,  frequently  in  globular,  stalac- 
titic,  or  mammillary  forms.  It  is  in  thin  seams  and  pockets, 
from  a  fraction  of  an  inch  to  a  foot  in  thickness,  and  generally 
forms  the  cement  of  a  breccia  of  novaculite  fragments.     It  de* 


THB  HANOANBSB  DEPOSITS  OF  SOUTHWESTERN  ARKANSAS.       351 

^composes  on  the  surface  into  a  brown,  earthy  ore.  The  mixture 
t)f  ore  and  rock  is  from  ten  to  forty  feet  in  width.  It  was 
followed  for  two  miles  along  the  crest  of  the  ridge  and  is  donbt- 
less  traceable  for  a  still  greater  distance.  The  amount  of  ore, 
however^  in  any  one  place  is  small,  as  the  novaculite  fragments 
t^ompose  by  far  the  larger  part  of  the  ore-bearing  stratum.  The 
ore,  though  sometimes  in  small  pockets  free  from  rock,  is  gener- 
ally in  the  form  of  thin  layers  or  films  in  the  novaculite. 

The  Crooked  Greek  region, — Crooked  Creek  runs  west 
through  the  northern  tier  of  sections  of  4  S.,  27  W.,  and  then  turns 
abruptly  to  the  southeast,  flowing  thence  into  the  Little  Missouri 
River  in  the  same  township.  It  forms  one  of  the  main  forks  of 
the  Little  Missouri  River  in  this  region  of  the  head  waters  of 
that  stream,  and  its  valley  is  bordered  by  novaculite  ridges. 
Several  small  pits  have  been  sunk  on  the  ridges  on  the  outcrop 
of  the  manganese-  and  iron-bearing  stratum. 

On  the  top  of  the  more  southerly  of  the  two  novaculite 
ridges  immediately  south  of  the  creek,  probably  in  section 
10,  a  small  pit  has  been  sunk  on  the  gray  novaculite,  showing 
a  hard,  black  manganese  ore,  in  seams  rarely  over  a  quarter  of 
an  inch  in  thickness  and  generally  thinner,  penetrating  the  rock 
in  all  directions.  The  ore  is  frequently  stained  with  iron,  and 
t)flen  small  masses  of  manganese  ore  enclose  kernels  of  brown 
liematite. 

About  a  mile  east  of  this  exposure,  on  the  south  slope  of 
the  same  mountain,  in  the  gray  novaculite,  and  near  its  contact 
with  the  shale,  a  small  prospect  pit  has  been  sunk  on  iron  ore. 
The  ore  is  found  in  the  rock  in  small  seams  and  pockets  from 
one  to  four  inches  in  thickness.  It  is  frequently  fibrous,  porous 
or  stalactitic,  and  very  often  has  a  brilliantly  iridescent  surface, 
showing  glossy  green,  blue,  and  pink  colors.  It  decomposes  on 
a  weathered  surface  into  a  brown,  earthy  ore.  The  ore  on 
Crooked  Creek  has  nowhere  been  seen  in  workable  quantities. 

North  Mountain.  (Manganese.) — North  Mountain  is  the 
name  locally  given  to  a  broken  novaculite  ridge  in  the  northwest 
part  of  township  4  S.,  27  W.,  near  the  head  waters  of  the 
Little  Missouri  River.     The  ridge  rises  five  hundred  and  ninety 
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feet  above  the  level  of  the  nurrouuding  country ;  aod  on  thfr 
upper  part  of  its  southeast  slope,  u  small  pit  has  been  sunk  od  a 
body  of  manganese-bearing  uovaoulite.  The  ore  ia  a  hard, 
glossy,  black  variety,  and  usually  forms  the  cement  of  a  breccia 
of  angular  uovaculite  fragments  from  a  fractioo  of  an  inch  to 
four  or  five  feet  in  diameter.  The  ore  forms  from  an  eighth  to 
less  than  a  quarter  of  the  mass.  Ia  spots,  however,  there  are 
comparatively  pure  bodies  of  it,  and  a  hnrizootal  pocket  of 
Buch  ore  about  two  feet  wide  runs  across  ihe  face  of  the  pit.  It 
contains  no  rock,  but  a.  small  lenticular  layer  of  clay  a  few  inches 
thick  is  included  in  it.  Such  masses  of  pure  ore  are  rare,  aud 
of  liiuited  extent.  Figure  26  represents  the  face  of  the  open- 
ing and  illustrates  the  occurrence  of  the  ore. 

The  mass  of  novaculite  in  the  center  is  surrounded  by 
smaller  pieces  cemented  by  manganeBe  ore,  and  represents  simply 
an  exceptionally  Urge  component  fragment  of  the  breccia.  It  is 
noticeable  that  the  angles  of  almost  any  two  adjacent  fragments 
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of  novaculite  would  fit  into  each  other  if  the  separating  layer  of 
manganese  was  removed,  showing  that  the  breccia  has  been 
formed  by  the  breaking  of  the  rock  in  place  and  not  by  an  in^ 
discriminate  mixing  of  rock  fragments. 
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The  outcrop  of  the  ore-bearing  breccia  is  largely  obscared 
by  loose  material,  but  at  the  point  where  the  pit  has  been  sunk 
it  is  about  thirty  feet  wide^  and  is  bordered  on  either  side  by 
novaculite  containing  only  a  stain  or  very  thin  layers  of  man- 
ganese. It  strikes  along  the  face  of  the  mountain  in  both* 
directions  from  the  opening,  but  rapidly  thins  out :  fifty  feet 
to  the  northeast,  it  is  represented  only  by  a  stain  in  the  rock  ; 
fifty  feet  to  the  southwest  the  same  breccia  is  seen,  but  it  con- 
tains very  small  quantities  of  manganese.  Similar  outcrops  are 
said  to  be  traceable  along  the  slope  of  the  mountain  for  over  a 
mile.  The  place  where  the  pit  was  sunk  represents  a  local  ac- 
cumulation of  manganese  in  the  ore-bearing  stratum,  yet  even 
here  the  deposit  is  limited.  Some  manganese  could  doubtless  be 
taken  out  at  a  profit,  but.  the  deposit  would  soon  run  into  ore  in 
quantities  too  small  to  work.  Four  tons  of  ore  are  said  to  have 
been  shipped  from  this  property. 

Fragments  of  laminated  brown  hematite  occur  on  the  slopes 
of  the  hills,  and  have  probably  come  from  small  interbedded 
strata  of  that  material  in  the  shales  associated  with  the  novaca- 
lite. 

The  Morrell  claim.  (Manganese.) — The  Morrell  claim  is  in 
4  S.,  27  W.,  section  16,  on  the  east  side  of  the  Little  Mis- 
souri River,  at  a  point  where  that  stream  cuts  through  a  novac- 
ulite ridge.  A  small  pit  sunk  near  the  water  level  shows  a  hard,, 
massive,  steel-blue  manganese  ore,  often  in  stalactitic  form.  The 
ore  is  associated  with  black  or  brown  glossy  iron  ore,  and 
together  they  form  a  pocket  from  one  to  three  feet  in  width  ii> 
the  novaculite.  The  ore  frequently  contains  pockets  of  red 
clay. 

Little  Musgrove  Mountain ;  the  Wehh  Thornton  claim.  (Man* 
ganese.) — Little  Musgrove  Mountain  runs  east  and  west  in  the 
extreme  southwestern  part  of  4  S.,  27  W.,  and  is  intersected  by 
the  Little  Missouri  River  just  above  where  that  stream,  issuing 
from  the  rocky  gorge  that  it  has  out  through  the  novaculite 
ridges,  flows  into  the  less  rugged  country  to  the  south.  The 
mountain  is  composed  mostly  of  gray  novaculite  dipping  almost 

28  Seological,  Vol.  i.,  1890. 
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verticallj  and  forming  prominent  bluffs  on   both    side?  of  the 
river. 

The  Webb  Thornton  claim  is  in  section  31,  on  a  steep  blaff 
in  the  soath  face  of  Little  Masgrove.  A  soft,  black  manganese 
ore  (pyrolusite)  occurs  here  in  an  equally  soft,  while  novacalite 
easily  crushed  in  the  fingers.  The  largest  exposure  of  ore  is  an 
oblong  pocket  four  inches  in  its  thickest  part. 

.  Leader  Mountain ;  the  Webb  Thornton  claim. — This  claim  is 
further  described  on  page  358,  in  the  description  of  Leader 
Mountain  given  under  the  heading  of  Polk  county.  The  claim 
is  in  Montgomery  county,  but  most  of  Leader  Mountain  is  in 
Polk,  and,  as  there  are  several  ore-bearing  localities  on  the  same 
mountain,  they  are  more  consistently  described  together. 

POLK  COUNTY. 

The  manganese  deposits  of  Polk  county  are  the  continaa- 
tion  of  the  same  belt  that  has  already  been  described  in  Mont* 
gomery  county  and  in  the  region  thence  east  to  Pulaski  county. 
They  occur  at  intervals  in  a  belt  of  country  from  five  to  ten  miles 
in  width,  and  follow  the  north-of-west  strike  of  the  novaculite 
ridges.  The  ridges  run  diagonally  through  the  county  from 
southeast  to  northwest,  crossing  the  Cossatot  River  above  and 
below  Rhode  Post-office,  passing  less  than  two  miles  south  of  the 
town  of  Dallas,  and  bearing  thence  to  the  village  of  Potter  in 
the  northwest  part  of  the  county.  Still  farther  to  the  northwest, 
the  ridges  die  out  in  a  less  rugged  country,  and  the  manganese 
disappears  with  them. 

This  mountaiaous  area  forms  the  divide,  in  this  part  of  the 
state,  between  the  waters  of  the  Ouachita  River  on  the  north  and 
those  of  the  Red  River  on  the  south.  Board  Camp  Creek,  Big 
Creek,  and  numerous  other  streams,  rise  in  it  and  flow  north  into 
the  Ouachita;  while  the  Saline  River,  the  Harris  Creek  fork  and 
the  Brushy  Creek  fork  of  the  Cossatot  River,  as  well  as  the 
main  Cossatot  itself,  rise  in  the  same  mountains  and  flow  south 
into  the  Red  River. 

A  smaller  novaculite  area  occurs  in  the  neighborhood  of 
Hatton  Post-oflice,  in  the  southwest  corner  of  the  county,  and 
bears  west  towards  Indian  Territory  ;  but  very  little,   if  any^ 
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^manganese  occurs  in  it,  thoagh  specimens  of  iron  ore  haye  been 
found. 

The  character  of  the  ridges  and  the  nature  of  the  ores  in 
the  novaculite  area  of  this  county,  have  already  been  treated  in 
the  general  description  of  the  southwestern  Arkansas  region  in 
chapter  XII.,  and  do  not  require  further  mention.  .The  paral- 
lelism of  the  ridges  is  probably  better  developed  here  than  any- 
where else  in  the  region,  and  in  ruggedness  and  average  height 
they  are  second  to  no  other  part  of  the  belt.  In  fact,  the  highest 
elevation  above  the  surrounding  drainage  that  has  so  far  been 
measured  by  the  Survey  among  all  the  Ouachita  mountains,  is 
the  High  Peak  of  Hannah  in  the  southeastern  part  of  the  county, 
which  rises  a  thousand  feet  (barometric)  above  the  Cossatot 
River.  Other  ridges  are  almost  as  high  and  some  possibly 
higher;  and  it  may  safely  be  said  that  the  country  from  the 
head  waters  of  the  Little  Missouri  in  southwestern  Montgomery 
county  to  the  Cossatot  River  in  Polk  county,  is  the  most  rugged 
part  of  the  Ouachita  Mountains. 

No  large  deposits  of  manganese  ore  have  been  found  in 
Polk  county.  The  best  that  have  been  discovered  could  only 
be  worked  on  a  very  small  bcale,  and  even  this  could  be  done  in 
but  rare  cases  and  for  short  times.     (See  pages  306-308.) 

McKinley  Mountain.  {Manganese.) — McKinley  Mountain 
runs  in  a  general  west- by-north  direction  from  the  head  waters 
of  the  Little  Missouri  on  the  east  to  beyond  the  Cossatot  on  the 
west,  and  rises  in  some  places  over  seven  hundred  feet  above  the 
surrounding  level.  The  crest  and  upper  slopes  are  composed 
of  gray  novaculite,  the  lower  slopes  of  the  overlying  siliceous 
shale.  Almost  on  the  line  of  Polk  and  Montgomery  counties  it 
is  cut  through  by  Straight  Creek,  a  tributary  of  Long  Creek,  the 
latter  a  branch  of  the  Little  Missouri  River.  Straight  Creek 
passes  through  the  mountain,  in  a  deep  gulch,  on  either  side  of 
which  the  novaculite  forms  steep  bluffs. 

A  small  pit  has  been  sunk  in  the  novaculite  on  the  western 
side  of  this  pass,  in  4  S.,  28  W.,  a  few  hundred  yards 
west  of  the  Montgomery  county  line.  The  pit  shows  manganese 
ore  scattered  irregularly   and    in    limited   quantities    through  a 
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breadth  of  aboat  six  feet  of  the  rock ;  and,  in  some  places,  the^ 
ore-bearing  part  of  the  rock  is  possibly  still  wider.  The  ore  is 
a  hard,  compact,  steel-blue  variety  frequently  stained  yellow  or 
red  by  iron.  It  occurs  throughout  the  rock  in  small  seams  and 
pockets,  from  a  fraction  of  an  inch  to  four  inches  in  thickness*. 
In  some  places  the  ore  blends  into  the  novaculite,  turning  it  a 
deep  black ;  in  other  places  the  line  of  separation  is  sharp  and} 
well  defined.  The  following  analysis  shows  the  composition  of 
this  ore : 

Anaiyria  of  manganese  ore  from  MoKxnley  Mountain^  Polk  county^. 

M*ngan6M 49.24 

IroB ~ 2.04 

Silioa 2.98 

Phosphorate 0.88 

MaogantM  ptrozida 71.41 

West  of  this  opening  the  ore-bearing   stratum   is  traceable- 
along  the  mountain  at  intervals  to  beyond   the  Cossatot   River,, 
but  the  ore  where  seen  is  in  even  smaller  quantities  than  in  the 
locality  just  mentioned. 

He  Mountain.  (Manganese  and  iron.) — He  Mountain  is  a: 
novaculite  ridge  in  4  8.,  28  W.,  south  ot,  and  parallel  to  McKin- 
ley  Mountain,  and  separated  from  it  by  a  ravine  which  forma 
the  valley  of  Long  Creek..  Manganese  is  found  on  the  summit 
of  the  mountain,  in  Polk  ceunty,  a  little  over  a  mile  west  of  the 
Montgomery  county  line. 

A  small  pit  three  feet  deep  has  been  sunk  on  the  ore,  which 
is  in  small  seams  and  pockets,  rarely  over  two  or  three  inches 
in  thickness.  The  exact  width  of  this  ore-bearing  part  of' 
the  novaculite  cannot  be  seen,  but  the  pit  exposes  a  breadth 
of  about  six  feet,  and  it  is  probably  considerably  wider.  The- 
ore  is  scattered  through  the  rock  in  limited  quantities.  It  is  a 
hard,  massive,  steel-blue  variety,  frequently  having  a  concretion- 
ary structure  and  a  mammillary  surface,  and  is  generally  asso- 
ciated with  more  or  less  massive  brown  iron  ore.  The  latter 
often  encloses  nodules  of  manganese,  or  forms  the  outside  layer- 
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-of  pockets  of  that  ore.    There  are  often  small  cavities  in  the 
novaculite,   from   one  to  six    inches  in  diameter,  lined    with 
layers  of  iron  and  manganese  ores.     In  some   places  both   ore 
are  sharply  separated  from  the  novaoulite,  in  others  they  blend 
into  it,  staining  it  brown  or  black. 

To  the  west  of  this  locality,  similar  outcrops  are  seen  inter* 
mittently  for  a  distance  of  half  a  mile  along  the  mountain,  in 
some  places  covering  the  surface  with  loose  fragments  of  mixed 
ore  and  rock ;  in  others  disappearing  altogether  and  giving  place 
^o  barren  novaculite. 

Cbon  Oreek.  {Manganese  and  iron.) — Coon  Creek  is  a 
utary  of  Lon^j;  Creek  and  flows  west  along  the  south  side  of  He 
Mountain.  In  a  novaculite  hill  bordering  this  creek  on  the 
south,  half  a  mile  southwest  of  the  He  Mountain  locality  just 
described,  and  in  Polk  county,  4  S.,  28  W.,  another  small  pit 
has  been  opened  on  a  deposit  of  manganese  and  iron.  Buth  ores 
"are  in  about  equal  quantities,  and  both  are  very  much  like  those 
■described  on  He  Mountain.  They  either  form  the  cement  of  a 
brecciated  novaculite,  or  occur  as  thin  layers,  nests,  or  pockets 
throughout  the  rock.  The  largest  mass  of  ore  seen  came  from 
one  of  these  pockets  and  was  two  feet  in  diameter.  Such  masses^ 
however,  are  rare. 

Briar  Greek  Mountain.  {Manganese  andiron.) — Briar  Creek 
Mountain  is  in  4  S.,  27  and  28  W.,  and  runs  a  little  north 
of  west  between  Coon  Creek  on  the  north  and  Briar  Creek  on 
the  south.  To  the  east,  it  passes  out  of  Polk  county  into  Mont- 
gomery, bearing  off  to  and  beyond  the  Little  Missouri  River. 
A  stain  of  iron  and  manganese  and  occasionally  small  masses 
of  the  ores  occur  in  the  gray  novaculite  on  the  part  of 
the  mountain  lying  in  Polk  county,  and  probably  these  same 
occurrences  extend  into  Montgomery  county ;  but  no  important 
quantity  of  either  ore  was  seen. 

Leader  Mountain.  { Manganese  and  iron.) — Leader  Mountain 

runs  a  little  north-of-west  in  4  8.,  27  and  28  W.,  partly  in  Polk 

^county  and  partly  in  Montgomery.     It  is  south  of  and  parallel  to 

Briar  Creek  Mountain,  and  is  separated  from  it  by  Briar  Creek^ 

«  tributary  of  the  Little  Missouri  River.    The  mountain  com- 
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meDces  at  the  Little  Missouri  River  and  passes  thence  to  the- 
\eaters  tributary  to  the  Cossatot  River.     A  number  of  claims- 
have  been  taken  up  on  exposures  of  the  iron  and  manganese 
stratum  along  its  course,  several  of  which  are  described  below  r 

(1)  The  Webb  Thornton  claim.  (Manganese.)— The  Webb 
Thornton  claim  is  on  the  eastern  part  of  this  ridge  in  4  8.,  27 
W.,  in  Montgomery  county.  A  pit  three  feet  deep  has  been 
sunk  on  a  deposit  of  manganese  in  the  gray  novaculite,  and  five 
hundred  pounds  of  ore  are  said  to  have  been  shipped.  The 
manganese  is  a  fine  grained^  soft^  crystalline  ore  often  appearing 
in  plumose  forms.  It  occurs  as  the  cement  of  a  brecciated 
novaculite  and  forms  from  a  tenth  to  as  much  as  two-thirds 
of  the  whole  mass.  Occasionally  the  manganese  is  stained  with 
a  little  iron,  but  much  of  it  is  comparatively  free  from  that  im- 
purity. 

The  pit  shows  a  width  of  about  five  feet  of  this  breccia,  and 
though  the  same  ore  is  seen  on  either  side,  it  is  in  very  much 
smaller  quantities.  The  deposit  runs  along  the  top  of  the  moun- 
tain, but  thins  out  in  a  short  distance  in  both  directions,  and  is 
represented  either  by  simply  a  stain  or  by  thin  layers  of  ore  in 
the  novaculite. 

(2)  The  J.  Guy  Lewis  claim,  (Iron.) — The  J.  Guy  Lewis 
claim  is  on  Leader  Mountain,  about  four  miles  west  of  the 
Thornton  claim,  and  two  and  a  half  miles  west  of  the  line 
between  Polk  and  Montgomery  counties.  A  small  cut  has  been 
made  on  a  deposit  of  hard,  brittle  brown  hematite,  of  a  shaly 
structure.  It  occurs  as  pockets  and  lenticular  beds  in  the  novac- 
ulite, the  largest  seen  being  a  pocket  two  feet  thick.  Such 
deposits  are  scattered  irregularly  through  the  rock  on  the  sum- 
mit of  the  mountain  over  a  breadth  of  about  twenty  feet.  The 
ore  is  traceable  in  intermittent  outcrops  for  half  a  mile  east  and 
west  from  the  cut,  and  also  occasionally  beyond  these  limits. 

Sometimes  a  few  small  masses  of  hard,  steel-blue  manganese 
ore  occur  in  the  iron  ore,  especially  at  its  contact  with  the 
country  rock. 

Pointed  Rock  tunnel.  {Iron.) — Pointed  Rock  tunnel  is  in. 
4.  8.,  28  W.,  section  19,  and  is  the  property  of  the  Arkansas. 
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DevelopmeDt  Company.  A  deposit  of  hard,  laminated  brown 
hematite  occara  here,  interbedded  io  gray  and  black  siliceous 
ahale.  The  rocks  staod  vertically  or  dip  at  aogles  of  70°  to  8(P 
to  the  north,  and  form  part  of  a  low  hill.  A  tunnel  has  been 
run  in  at  the  foot  of  the  hill,  just  above  the  level  of  a  small 
creek,  and  follows  the  iron  ore  in  the  direction  of  the  strike  of 
the  rock  for  about  a  buodred  feet.  The  ore  occurs  in  a  series  of 
parallel  strata  from  one  to  twelve  inches  in  thickness,  separated 
by  similar  strata  of  shale,  or  of  clay  which  has  resulted  from  the 
decomposition  of  the  shale.  Tb«  northern  part  of  the  hill  is 
composed  of  the  gray  Dovaoolite,  and  the  ore  occurs  near  the 
contact  of  the  shale  with  that  rock.  The  rocks  strike  across  the 
bill,  and  the  ore  can  be  traced  a  distance  of  a  quarter  of  a  mile 
over  the  summit  and  down  to  a  oreek  on  the  other  side.  The 
alternating  strata  of  iron  ore  and  shale  occupy  toother  a  belt 
varying  from  twenty  to  fifty  feet  in  width.  Sometimes  the  ore 
in  a  given  stratum  runs  out  and  is  represented  by  rock  for  a  few 
feet,  but  it  usually  appears  again  beyond.  In  places,  the  com- 
bined thickness  of  all  the  ore-ctrata,  if  brought  together,  would 
amount  probably  to  over  five  or  isix  feet ;  in  others,  it  would  not 
be  a  quarter  of  that  thickness. 

Tall  Peak  Mountain.  (Manganese.)— HtXi  Peak  Mountain 
forms  part  of  a  long  novaculite  ridge  known  as  Raspberry 
Mountain,  which  runs  in  a  general  direction  a  little  north  of  west 


Figun  17.    StMm  tn  Ikt  furM  lUfH  (./  lUi  PtaJt  Ittaalabi.  PM  BM«Uy,  iltairint  lltr 

A.  Onj  BoiacullM. 

B.  Muignnwe-bau'lng  put  of  ibe  dutscuUM.    Tbc  bliek  p*ru  npraisat  on. 

C.  SllicMiu  ibsle. 

Verlkil  iinil  horlconUI  Kale :  1  incb—U  feat. 

across  the  head  waters  of  the  Saline  River  and  the  Hariis  Creek 
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fork  of  the  Cosaatot  River.  Oq  the  lower  part  of  the  oorthem 
alope  of  Tall  Peak  Mountain,  on  a  claim  controlled  by  the  Ar- 
kansas Development  Companj,  in  4  S.,  29  W.|  section  24,  the 
^ray  novacnlite  is  impregnated  with  manganese  for  a  width  of 
about  twenty  feet.  The  ore-bearing  part  of  the  novaculite  is  at 
the  contact  of  that  rock  with  the  shale,  and  protrudes  in  a  low 
ledge  above  the  surrounding  surface.  Its  relation  to  the  differ- 
•ent  rocks  is  shown  in  the  accompanying  figure,  which  represents 
a  north-south  section  across  a  part  of  the  claim. 

The  ore  is  in  pockets  and  lenticular  layers  scattered  through 
the  rock,  the  largest  seen  being  two  feet  long  by  from  three 
to  six  inches  in  thickness*  It  occurs  both  in  the  form  of  a 
hard,  massive,  steel-blue  ore  and  as  a  finely  crystalline  variety, 
the  crystals  frequently  being  grouped  in  a  plumose  form, 
and  having  a  brown  streak.  Occasionally  the  manganese  con- 
tains small  quantities  of  iron,  but  it  is  generally  comparatively 
free  from  that  impurity. 

On  the  west  the  ore-bearing  stratum  disappears  under  the 
gravel  of  a  small  creek  ;  on  the  east  it  rapidly  thins  out  on  the 
slope  of  the  mountain  and  is  replaced  by  the  pure,  gray  novac- 
ulite. 

The  usual  strata  of  brown  hematite,  from  one  to  twelve 
inches  in  thickness,  occur  in  the  siliceous  shale  shown  in  the 
figure  to  the  south  of  the  manganese.  A  tunnel  was  run  into 
this  rock  with  the  intention  of  reaching  the  manganese,  but  was 
not  continued  far  enough  to  do  so.  At  the  mouth  of  the  tunnel 
the  shale  is  almost  horizontal,  but  to  the  north  it  rapidly  curves 
around,  and  when  it  reaches  the  novaculite  il  is  dipping  at  the 
same  steep  angle  as  that  rock.  The  shale  has,  in  many  places, 
been  decomposed  into  a  fine  gray  clay  containing  layers  of  the 
unaltered  rock.  The  following  analysis  shows  the  composition 
of  the  manganese  ore   on   this   property : 

Analysis  of  manganese  ore  from  Tall  Peak  Mountain^  Folk  county. 

Manganeae 52.16 

IroB 4.00 

silica - 0.24 

Phosphorus 0.39 

Maoganeas  peroxide 77.60 


THB  MANQANESE  DEPOSITS  OF  SOUTHWESTRBN  ABKANSAS.         361 

Brushy,  Prairie^  and  South  Mountaina.  (Manganese.) — 
These  moantains  run  in  the  same  direction  as  Raspberry  Mount- 
^in,  and  lie  in  parallel  ridges  to  the  east  and  southeast  of  it. 
They  are  all  novaculite  ridges,  and  small  quantities  of  mangan- 
^.se,  either  in  the  form  of  a  stain  in  the  rock  or  of  thin  seams, 
are  seen  in  various  places  on  them. 

OiUam  Springs.  (Iron.) — Gillam  Springs  is  in  4  S.,  30 
W.,  section  22,  the  southwest  quarter  of  the  northwest  quarter, 
t)n  the  Dallas  and  Centre  Point  wagon  road,  twenty  miles,  by  the 
Toad,  south  of  the  former  town.  The  property  belongs  to  Mr. 
Asa  .Williamson,  and  consists  of  a  series  of  small  sulphur  springs. 

About  a  mile  east  of  the  springs,  the  brown  hematite,  which 
usually  accompanies  the  siliceous  shale,  is  seen  in  many  places  in 
that  rock  in  a  series  of  strata,  from  a  few  inches  to  several 
feet  in  thickness,  alternating  with  similar  strata  of  rock.  N  u- 
merous  such  exposures  occur  on  the  western  end  of  a  ridge 
northeast  of  Gillam  Springs,  and  in  one  place  a  surface  exposure 
between  four  and  five  feet  in  thickness  was  seen.  Larger  out* 
crops  are  said  to  have  been  found  and  prospected  in  this  neigh- 
borhood. Sometimes  the  same  stratum  is  represented  in  one 
place  by  iron  ore  and  in  another  by  rock,  and  such  occurrences 
^ften  repeat  themselves  for  several  hundred  yards. 

Hannah  Mountain.  {Manganese  and  iron.)  —  Hannah 
Mountain  is  in  4  S.,  29  and  30  W.,  and  is  one  of  the  most  promi- 
nent ridges  in  the  novaculite  belt  of  the  Cossatot  River.  It  runs 
from  north  of  Tall  Peak  Mountain  on  the  east  in  a  direction  of 
few  degrees  north  of  west,  to  the  Brushy  Creek  fork  of  the 
Cossatot  River,  a  distance  of  over  ten  miles.  In  this  distance  it 
is  broken  in  only  one  place,  and  that  is  where  the  main  Cossatot 
River  has  cut  a  deep  pass  through  it,  south  of  Rhode  Post-office. 
Elsewhere,  there  are  low  places  in  its  summit  and  mountain 
trails  frequently  take  advantage  of  these  to  wind  their  course 
across  the  country,  but  such  sags  represent  simply  indentations 
in  the  ridge,  and  the  only  complete  break  is  the  Cossatot 
pass.  The  summit  of  the  mountain  comes  up  to  a  long,  sharp 
^rest,  in  some  places  only  a  few  feet  wide,  and  follows  an  undu- 
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lating  line,  reachiog  its  maximum  height  in  the  High  Peak  of* 
Hannah. 

This  peak  is  some  three  miles  east  of  the  Cossatot  River  and 
the  mean  of  two  barometric  measurements  gives  it  a  height  of* 
about  a  thousand  feet  above  that  stream.     The  height  above  the 
sea  level  is  not  known,  but  an  approximation  made  from  the 
elevations  given  on  the  U.  S.  Geological  Survey  maps  of  the 
country  immediately   to   the    north,  places  the  summit  of  the 
mountain  about  two  thousand  feet  above  tide  water.     It  is  the 
highest  peak  measured  by  the  Survey  in  the  mountains  of  the 
Cossatot  and  Little  Missouri  Rivers,  though  others  closely  ap- 
proach the  same  height,  and  it  is  not  impossible  that  a  few  may 
be  found  still  higher.     Hannah  M<9untain  east  of  the  Cossatot 
River  is  known  as  Eiist  Hannah,  and  west  of  that  stream,  aa 
West  Hannah. 

Taking  the  ridge  as  a  whole,  it  represents  an  anticlinal  axis^ 
in  many  places  overthrown  and  dipping  to  the  north.  Its 
central  part  consists  mostly  of  gray  novaculite  and  the  slopes  are 
composed  of  the  associated  shale.* 

There  are  numerous  exposures  of  manganese  and  iron  ores,, 
similar  to  those  already  described,  along  the  course  of  the  ridge.. 
The  manganese  is  in  the  gray  novaculite  and  generally  at  or- 
near  the  contact  of  that  rock  with  the  siliceous  shale.     Its  out- 
crops follow  along  the  mountain  and  vary  in  position  with  the 
contact  of  the  rocks,  at  times  rising  to  the  summit,  but  more 
generally  dropping  down  a  short  distance  on  the  slope,  usually 
on  the  south  side.     This  ore-bearing  stratum  goes  under  the 
name  of  the  Hannah  ^'  lode  "  in  the  eastern  part  of  the  mountain, 
and   the   Fawn  "lode^'  in  the    western  part.      The    iron    ore 
sometimes  occupies  a  position  similar  to  the  manganese,  but  it 
also   occurs    in    the    shale   lower    down    the    mountain    side.. 
Several  openings  have  been    made  on  both  East  and  West  Han- 
nah, and  the  principal  ones  are  here  described : 

(1)     East  Hannah  Mountain  ;  the  High  Peak.     (Iron.) — ^ 

**  A  section  tbroagh  EImI  HaoDah  Mountain  and  the  next  ridge  to  the  north,  known  ml. 
Shadow  Rock  Bdouotain,  is  giren  in  figare  24,  on  page  322. 
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The  High  Peak  of  Hannah  is  a  part  of  the  Hannah  ridge  about 
three  miles  east  of  the  Cossatot  River.  On  the  south  slope  of 
the  mountain,  and  probably  about  three  hundred  feet  from  the 
summit,  is  a  deposit  of  brown  iron  ore  in  the  gray  novaculite. 
The  deposit  is  three  feet  in  the  widest  part  and  about  two-thirds, 
of  it  is  composed  of  ore.  It  follows  along  the  slope  of  the 
mountain  for  about  ten  feet,  and  beyond  these  limits  becomes^ 
thin  and  is  often  represented  only  by  a  stain. 

Two  miles  east  of  the  High  Peak  of  Hannah,  on  the  same^ 
mountain,  small  seams  and  nests  of  manganese  and  iron  ores, 
occur  in  the  gray  novaculite. 

(2)  East  Hannah  Mountain;  the  William  Allen  claim.. 
(Manganese.) — The  William  Allen  claim  is  on  the  north  side  of 
East  Hannah  Mountain,  near  its  base,  about  a  mile  and  a  half  east 
of  the  Cossatot  River.  It  is  on  what  is  known  as  the  Condor 
*^  lode, ''  which  contains  manganese  ore  in  seams  and  pockets 
from  a  fraction  of  an  inch  to  eight  or  ten  inches  in  thickness,, 
scattered  through  the  novaculite.  The  latter  size,  however,  is 
exceptional,  and  the  largest  mass  seen  measured  three  by  six  by 
ten  inches.  The  ore  is  of  both  the  crystalline  and  massive^ 
varieties,  the  former  often  showing  a  plumose  structure.  The 
massive  variety  is  hard,  and  often  in  stalactitic  and  mammillary 
forms.  The  manganese  is  associated  with  a  glossy,  black  iron, 
ore. 

(3)  East  Hannah  Mountain ;  the  west  end.  (Manganese 
and  iron.) — On  the  western  end  of  East  Hannah  Mountain,  in 
the  neighborhood  of  the  Cossatot  River,  both  manganese  and 
iron  are  scattered  in  small  quantities  through  a  belt  of  novac- 
ulite varying  from  five  to  twenty  feet  in  width.  In  some  places, 
the  ore  is  iron  and  in  others  manganese ;  in  still  others  both  ores, 
are  mixed  together  in  varying  proportions.  They  occur  in  thin, 
seams  along  lines  of  bedding  or  joint  cracks,  or  as  the  cement  of 
a  brecciated  novaculite;  in  places  also  they  are  in  small  nodules^ 
and  often  form  only  a  stain  in  the  rock.  The  rocks  dip  uni- 
formly to  the  north  at  angles  of  from  66°  to  80°. 

(4)  West  Hannah  Mountain;  the  William  Allen  claim.. 
(Manganese.) — This  one  of  the  William  Allen  claims  on  West. 
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Hannah  Mountain  is  a  quarter  of  a  mile  west  of  the  Cossatot 
River,  on  the  north  slope  of  the  mountain,  and  on  what  is  known 
us  the  Fawn  ^'  lode. ''  The  manganese  is  in  the  gray  novac- 
tilite,  near  its  contact  with  the  shale.  The  ore  impregnates  the 
rock  for  a  width  of  ten  feet  in  small  seams  and  pockets  from  a 
quarter  of  an  inch  to  three  inches  in  thickness,  and  is  both 
massive  and  crystalline.  The  manganese  is  associated  with 
«mail  quantities  of  brown  iron  ore. 

Outcrops  similar  to  this  one  are  seen  at  intervals  along  the 
«ame  slope  of  the  mountain,  associated  with  the  same  rocks, 
for  a  distance  of  some  four  mile^*,  to  the  Brushy  Fork  of  the 
Oo88atot  River. 

(5)  West  Hannah  Mountain ;  the  Bowen  claim.  (Man- 
ganese.)— The  Bowen  claim  is  on  the  summit  of  West  Hannah 
Mountain,  at  its  extreme  west  end,  four  nliles  west  of  the  Cos- 
satot River,  and  overlooks  the  valley  of  Brushy  Fork.  Man- 
ganese is  found  here  in  the  crystalline  form  with  smaller 
quantities  of  a  hard  massive  ore.  It  occurs  in  thin  discontinuous 
seams  occupying  cracks  and  joints  in  the  novaculite  and  some- 
times forming  the  cement  of  a  breccia.  The  largest  mass  of 
solid  ore  visible  is  three  inches  in  thickness  and  three  feet  in 
length,  thinning  out  at  both  ends. 

Similar  deposits  occur  along  the  summit  of  the  mountain 
for  half  a  mile  east  of  the  Bowen  claim,  and  are  separated  by 
areas  of  barren  rock.  Occasionally  brown  iron  ore  instead  of 
manganese,  is  seen  in  small  quantities  along  the  ore-bearing 
stratum,  and  sometimes  both  ores  occur  together. 

Buckeye  and  Shadow  Rock  Mountains,  (Manganese  and 
iron.) — Buckeye  and  Shadow  Rock  are  names  given  to  different 
parts  of  a  novaculite  ridge  which  runs  parallel  to,  and  immedi- 
ately north  of  East  Hannah  Mountain  in  4  8.,  28  and  29  W. 
In  its  eastern  part  it  is  known  as  Buckeye  Mountain  until 
within  about  four  or  five  miles  of  the  Cossatot  River,  and  from 
that  on  to  the  river  it  is  known  as  Shadow  Rock  Mountain. 
The  ridge  rises  from  five  to  eight  hundred  feet  above  the  Cossa- 
"tot,  its  average  height  being  much  lower  than  that  of  East 
Hannah  to  the  south.     It  is  separated  from  the  latter  ridge  by 
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a  deep  raviDe  which  marks  the  coarse  of  Short  Creek,  a  tribatar^ 
of  the  CoBsatot. 

A  large  number  of  claims  have  been  taken  on  ezposuree  ol. 
mangaaese  and  iron  on  both  ends  of  the  monntain,  and  the 
principal  ones  are  here  deaoribed  ; 

(1)  Manganese  Mountain. — Manganese  Moantaia  ia  a. 
small  spur  of  Backeye  Mountain,  running  out  from  the  south, 
side  of  the  ridge  about  five  miles  east  of  the  Coasatot  River. 
Manganese  ie  found  here  in  the  gray  novaoulite  in  the  form  of  a 
hard,  mauive,  eteel-blne  ore,  blending  at  timeii  into  a  semi- . 
cryatalline  ore.  It  is  generally  in  the  form  of  flat,  botryoidal 
or  concretionarj'  masses,  often  having  hollow  interiors.  It 
tends  to  follow  lines  of  bedding,  but  it  also  runs  off  in  joint 
cracks.  The  bedded  layers  are  the  larger,  and  one  of  them, 
measured  from  three  to  six  inches  in  thickness  and  four  feet  in 
length.  The  seams  in  the  joint  cracks  rarely  measure  over  a 
quarter  of  an  inch  in  thickness,  though  they  are  often  so. 
numerous  as  to  honeycomb  the  rook  in  all  directions. 


F\tan  18.    Stcilon  <■  a  pU  m  JtonfoiMM  JOmlain,  PaU  eouiay,  iktaing  tin  oc 
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The  accompanying  figure  shows  the  character  of  the  heddecl' 
deposits  in  the  side  of  a  small  opening  on  the  summit  of  the 
spur.  It  will  be  observed  in  the  figure  that  the  lenticular  layers 
of  ore  lie  intermittently  along  different  planes  of  stratification, 
and  that  they  are  separated  along  the  same  planes  by  barren 
areas,  which,  however,  are  generally  stained  with  iron  or  man- 
ganese.   Sometimes  the  layers  of  ore  are  simply  flat  conoretioDB. 
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Tbe  foIloWiDg  aDalysis  shows  the  composition  of  the  ore 
from  this  locality : 

JLnalysis  of    manganese  ore  Jrom  Manganese  Mountain,    Polk 

county. 

ManganeM. ^^...^^ ~ »^  42.75 

Iron « « »    1.72 

Silica 10.4< 


MangtneM  p«roxide 62.75 

(2)  The  WalstOD  claim.  (Iron.)— The  Walston  claim  is 
on  the  same  hill  as  the  last  named  locality  and  a  quarter  of  a 
mile  northwest  of  it.  Layers  from  two  to  six  inches  in 
thickness  of  glossy  black  or  dark  brown  iron  ore  are 
interbedded  in  the  gray  novaculite.  The  ore  also  rnns  across 
the  stratification  in  fractures  in  the  rock.  The  deposit  occurs 
at  the  crest  of  a  small^  local  aDticline,  and  the  layers  of  ore 
dip  ofi  in  both  sides  of  the  pit.  No  manganese  was  seen  at 
this  opening. 

Another  one  of  the  Walston  claims  is  near  the  last  and 
at  the  point  where  Manganese  Mountain  joins  the  main 
Buckeye  Mountain.  Iron  ore  similar  to  that  just  mentioned 
has  been  found  here  in  a  small  pit  now  mostly  filled  up.  It 
is  said  to  have  been  in  larger  quantities  than  at  the  last 
place. 

(3)  Other  localities  on  Buckeye  and  Shadow  Rock 
Mountains. — A  short  distance  west  of  the  last  locality,  on  the 
main  Buckeye  Mountain,  and  four  miles  east  of  the  Cossatot 
Kiver,  are  several  other  claims.  A  stain  and  occasionally  a 
few  small  seams  of  iron  and  manganese  ores  occur  in  the 
rock,  but  no  large  deposit  has  been  found. 

Two  miles  east  of  the  Cossatot  River  and  on  the  south 
elope  of  the  ridge,  small  masses  of  manganese  and  iron  ores 
are  scattered  through  the  loose  rock.  The  mountain  here  is 
known  as  Shadow  Rock. 

Two  hundred  yards  farther  down  the  slope  of  the 
mountain  strata  of  brown  hematite  occur  in  the  siliceous 
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^ehale.  There  are  fifteen  feet  of  interbedded  layers  of  hema- 
tite and  rock^  with  an  undulating  dip  of  60^  to  80°  north  and 
^a  strike  in  an  east  and  west  direction,  parallel  to  the  ridge. 
Sometimes  the  iron  ore  composes  the  larger  part  of  the  de- 
posit,  but  usually  the  latter  is  rock  stained  with  iron,  thus 
giving  the  impression  that  the  ore  is  more  plentiful  than  it 
really  is. 

About  a  mile  east  of  the  Cossatot  River,  and  still  on  the 
north  slope  of  the  mountaiu,  several  outcrops  of  manganese 
«nd  iron  ore  occur  in  the  gray  novaculite,  at  or  near  its  con- 
tact with  the  siliceous  shale.  This  ore-bearing  stratum  is 
known  locally  as  the  Prince  Edward  '^  lode,"  a  name  which 
is  somewhat  indefinitely  applied  to  almost  all  the  claims  on 
this  ridge,  from  Manganese  Mountain  on  the  east  to  the 
<]lossatot  River  on  the  west.  The  ore  is  composed  of  vary- 
ing proportions  of  massive  and  crystalline  varieties,  the  one 
running  into  the  other.  The  iron  ore  is  sometimes  associated 
with  manganese,  sometimes  free  from  it.  Both  ores  run  ir- 
regularly through  a  stratum  of  novaculite  varying  from 
three  to  five  feet  in  width,  and  form  from  a  tenth  to  a  half 
the  mass. 

C  C  Avant  claims.  {Manganese  and  iron.) — Mr.  Avant 
•owns  several  claims  in  the  vicinity  of  the  upper  waters  of  the 
Oossatot  River,  and  two  of  them  are  here  described  : 

(1)  Manganese. — This  claim  is  in  4  8.,  29  W,,  section 
^,  on  a  novaculite  ridge  running  parallel  to,  and  north  of  West 
Hannah  Mountain.  The  ore-bearing  stratum  is  known  here 
as  the  Eldridge  ''  lode,  ^'  and  the  Avant  claim  is  near  its 
•eastern  end,  a  few  hundred  yards  west  of  where  the  ridge 
elopes  ofi  to  the  valley  of  the  Cossatot  River.  Manganese  ore 
is  found  in  the  gray  novaculite  on  and  near  the  summit  of 
the  mountain,  and  is  of  a  hard,  steel-blue  variety,  often  in 
etalactitic  and  mammillary  forms.  The  ore-bearing  part  of 
the  rock  varies  from  one  to  five  feet  in  thickness  and  con- 
tains the  ore  in  thin  seams,  from  a  fraction  of  an  inch  to  eight 
inches  in  thickness,  following  the  stratification  or  occupying 
joints  and  cracks.    The  ore-bearing  deposit  dips  to  the  north 
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with  the  enclosing  rock  at  angles  from  70^  to  90^^  and  ia 
traceable  for  several  hnndred  yards  along  the  mountain^ 
when  it  thins  ont^  widening  again  to  the  west. 

(2)  Iron. — This  claim  is  in  4  8,,  80  W.,  section  1^ 
aboat  a  mile  west  of  the  last  locality  (claim  1),  on  the  south 
slope  of  the  same  mountain,  and  aboat  a  quarter  of  the  way 
from  the  summit.  Here  the  ore-bearing  stratum  is  repre- 
sented mostly  by  iron  ore,  though  small  quantities  of  a  black, 
massive  manganese  ore  sometimes  occur.  The  iron  ore  is  in 
the  form  of  a  brown  hematite,  and  forms  the  cement  of  a 
brecciated  novaculite,  in  which  the  rock  masses  vary  from  a 
fraction  of  an  inch  to  six  inches  in  diameter,  and  are  some- 
times stained  throughout  by  iron.  This  mixture  of  rock  and 
ore  has  a  width  of  about  thirty  feet  on  the  slope  of  the 
mountain,  but  only  a  small  part  of  it  is  composed  of  ore. 

The  ArhanBOB  Development  Company'a  mine,  {Mangati' 
ese.) — The  Arkansas  Development  Company's  mine  is  in  3  S.^ 
80  W.,  section  27,  and  is  locally  known  as  the  Ward  man- 
ganese mine,  *  from  the  name  of  the  former  superintendent. 
It  is  near  the  head  waters  of  the  Brushy  Fork  branch  •f  the 
Cossatot  River,  on  a  novaculite  ridge  which  rises  over  400 
feet  above. the  creek.  It  is  the  property  of  the  Arkansas 
Development  Company,  and  was  worked  during  the  year 
1888  and  until  April,  1889,  when  operations  were  stopped^ 
During  this  time  a  shaft  142  feet  deep  was  sunk  on  the 
north  slope  of  the  ridge,  and  a  tunnel  aboutSOO  feet 
long  was  run  into  the  northern  side,  near  the  level 
of  Brushy  Fork.  About  twenty  tons  of  ore  are  said  to  have 
been  taken  from  the  shaft;  none  was  found  in  the  tunnel. 

The  summit  and  upper  slopes  of  the  ridge  are  composed 
of  gray  novaculite,  while  on  the  north  side,  where  the  tunnel 
has  been  run,  the  lower  slopes  are  composed  of  black  sili- 
ceous shale.  The  manganese  occurs  in  the  novaculite  in  the 
form  of  crystalline  pyrolusite,  associated  with  a  hard  iron- 
gray  massive  ore,  the  former  often  coating  the  latter  as  an 

*  Thii  propertj  hu  becin  described  by  T.  B.  Comstock,  Vol.  I.  of  the  annual  report 
of  tbe  Geologioal  Surrej  for  18S8,  pp.  1S5-167. 
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incrustation,  and  both  occarring  m  kidney-shaped  or  stalac- 
titic  forms.  Sometimes  small  quantities  of  a  black  iron  ore 
(limonite)  showing  a  glossy,  brilliantly  iridescent  surface^ 
are  associated  with  the  manganese,  but  a  large  part  of  the 
latter  is  free  from  such  impurity. 

The  manganse-bearing  deposit  varies  from  one  to> 
two  feet  in  thickness  and  dips  almost  vertically.  The  ore^ 
however,  composes  only  a  small  part  of  this  and  usually  oc- 
curs as  thin  seams  and  pockets  froQi  a  fraction  of  an  inch  to> 
over  two  inches  in  thickness,  scattered  irregularly  through 
the  rock.  Occasionally,  however,  the  ore  widens  out  locally 
into  pockets  of  somewhat  larger  size.  Sometimes  the  ore 
disappears  altogether  or  is  represented  only  by  a  stain  in  the 
rock,  but  widens  out  again  at  irregular  intervals. 

Other  openings  made  by  the  Arkansas  Development  Company 
on  Brushy  Fork.* — Several  other  smaller  openings  have  been 
made  by  the  Arkansas  Development  Company,  on  both  man- 
ganese and  iron,  in  the  same  neighborhood  as  the  Ward 
mine.    The  most  important  are  given  below : 

(1)  The  Jumbo  pit.  (Manganese.) — The  Jumbo  pit  is 
five  hundred  yards  east  of  the  Ward  mine,  on  the  north  slope 
of  the  same  ridge.  Manganese  ore  impregnates  the  novac- 
ulite  in  the  same  way  as  at  that  place.  A  pit  fifteen  feet 
deep  and  eight  feet  square  has  been  sunk,  and  on  all  sides  of 
it  are  seen  thin,  irregular,  and  discontinuous  "  stringers ''  of 
ore,  from  one  to  five  inches  in  thickness,  either  in  lines  of 
bedding,  or  in  joint  cracks.  The  novaculite  is  generally 
stained  a  buff  or  a  brown  color,  and  is  soft,  often  disinte- 
grating into  a  powder. 

(2)  Tunnel  No.  2.  (Iron.)— Tunnel  No.  2  is  little  over 
half  a  mile  east-northeast  of  the  Ward  mine.  It  is  twenty 
feet  long  and  was  run  into  a  gray  siliceous  shale,  on  a  de- 
posit of  brown  iron  ore.  The  ore  is  a  brown  hematite, 
interbedded  in  the  rock  in   irregular  pockets,  from  a  few 

^Several  properties  owned  by  this  company  elsewhere  io  Polk  county  have  already- 
been  described.    See  pages  858-360. 

24  Geological,  Vol.  i.,  1890. 
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inches  to  a  foot  or  more  in  thickness.  The  ore  is  laminated 
and  has  much  the  same  stractare  as  the  enclosing  shale,  into 
which  it  blends  both  laterally  and  vertically.  The  qaantity 
of  ore  is  very  limited. 

Two  hundred  yards  northeast  of  this  tunnel,  is  a  small 
pit  on  a  similar  ore  in  a  similar  rock.  The  ore  frequently 
forms  the  cement  of  a  breccia  of  fragments  of  the  enclosing 
rock,  and  is  irregularly  scattered  through  a  stratum  three 
feet  thick.  The  shale  in  contact  with  the  ore  is  often  much 
decomposed  and  exists  in  the  form  of  a  fine,  siliceous  powder. 

(3)  Shaft  No.  3.  (Manganese.)— Shaft  No.  3  is  over  a 
half  mile  northeast  from  the  Ward  mine,  and  is  a  pit  eight 
feet  square  and  twenty  feet  deep,  sunk  for  manganese  in  the 
gray  novaculite.    The  ore  occurs  in  small  nests   and  thin 

.  discontinuous  seams,  from  one  to  six  inches  in  thickness. 
Sometimes  they  follow  joints,  but  the  largest  seams  are  in 
the  bedding  planes  of  the  rock,  which  pitches  to  the  south- 
west with  an  undulating  dip  of  about  30^.  The  deposits  in 
the  joint  cracks  frequently  cross  those  in  the  lines  of  bedding, 
showing  that  the  ore  in  the  bedding  planes  was  deposited 
previously  to  that  in  the  joints. 

(4)  Shaft  No.  4.  (Manganese.) — Shaft  No.  4  is  near 
shaft  No,  3,  is  about  the  same  size,  and  has  been  sunk  in  the 
novaculite  for  manganese.  The  ore  is  a  hard,  massive 
variety  in  a  mammillary  form,  and  occurs  as  in  shaft  No.  8, 
in  lines  of  bedding  and  in  joint  cracks.  The  largest  seam 
measured  was  four  inches  thick  and  four  feet  long,  repre- 
senting a  lenticular  layer. 

Cossatot  Mountain.  (Manganese.) — Cossatot  Mountain  lies 
directly  north  of  McKinley  Mountain,  already  described,  and 
is  separated  from  it  by  Mine  Creek.  It  is  a  novaculite  ridge 
like  McKinley  Mountain  and  the  many  others  already  de- 
scribed. The  portion  of  it  referred  to  here  runs  through  the 
southeastern  part  of  township  3  S.,  29  W.,  in  a  general  west- 
northwest  direction.  To  the  east  of  this  area,  it  bears  oft 
towards  the  Little  Missouri  River;  to  the  west,  it  coalesces 
with  the  mountains  south  of  Dallas. 
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Two  and  a  half  miles  east  of  the  Cossatot  River,  several 
^mall  pits  have  been  sank  for  manganese  on  the  summit  of 
the  mountain,  and  a  tunnel  forty  feet  long  has  been  run  into 
the  north  side  about  twenty-feet  below  the  summit.  The 
gray  novaculite  forms  the  crest  of  the  ridge  and  the  siliceous 
shale  comprises  the  slopes.  The  tunnel  has  reached  the 
novaculite  through  the  shale.  The  manganese  is  in  the  form 
of  a  crystalline  pyrolusite,  mixed  with  a  hard,  massive  ore, 
and  occurs  in  irregular  nests,  from  a  quarter  of  an  inch  to 
three  inches  in  diameter,  and  in  thin  seams,  from  a  sixteenth 
to  a  quarter  inch  in  thickness.  Such  bodies  of  ore  are  scat- 
tered irregularly  through  a  breadth  of  about  forty  feet  of 
novaculite.  The  manganese  forms  but  a  small  portion  of 
the  ore-bearing  stratum,  and,  except  in  the  richest  places,  the 
aggregate  amount  of  the  scattered  bodies  of  ore  would  form 
a  very  small  percentage  of  the  mass. 

Little  Manganese  Mountain.  {Manganese  and  iron,)  — 
Little  Manganese  Mountain  is  the  name  given  to  the  western 
end  of  the  novaculite  ridge  running  parallel  to,  aud  a  mile 
south  of  East  Hannah  Mountain.  Iron  and  manganese  are 
found  on  it  a  mile  east  of  the  Cossatot  River,  where  the 
mountain  begins  to  slope  down  to  the  valley  of  that  stream. 
The  claim  is  owned  by  Mr.  William  Allen,  and  is  known  as 
the  Cave  ''lode/'  The  ridge  here  is  composed  mostly  of  gray 
novaculite,  dipping  at  angles  of  from  45°  to  60®  north  and 
overlain  on  the  northern  slope  by  the  siliceous  shale.  In  the 
novaculite  near  the  contact  with  the  shale,  are  discontinuous 
strata  of  brown  hematite,  associated  with  smaller  quantities 
of  manganese,  and  varying  from  a  fraction  of  an  inch  to  four 
inches  in  thickness.  They  run  sometimes  continuously  in 
the  direction  of  the  ridge  for  fifty  or  sixty  feet,  and  then 
thin  out,  appearing  again  beyond.  The  manganese  is  in 
much  smaller  quantities  than  the  iron  ore,  and  occurs  in 
nodules  and  thin  seams.  As  a  rule,  the  iron  ore  seems  to  be 
largely  confined  to  the  contact  of  the  novaculite  and  shale, 
while  the  manganese  is  found  not  only  there,  but  also  in 
the  novaculite,  farther  from  the  contact  line. 


CHAPTER  XIV. 

THE  MANGANESE  DEPOSITS  OF  THE  APPALACH^ 

IAN  REGION. 

LOCATION  OF  THE  DEPOSITS. 

Geographic  position. — Manganese  ores  are  of  freqaent 
occarrence  throughout  the  region  of  the  Appalachian 
Mountains  from  Maine  to  Alabama,  but  it  is  only  locally  that 
they  have  been  found  in  workable  quantities.  Virginia^ 
Georgia^  and  to  a  lesser  degree  Vermont,  represent  the  only^ 
states  *  in  that  region  in  whieh  any  considerable  quantities- 
of  the  ore  have  been  mined,  f 

The  most  important  manganese  area  in  the  Appalach- 
ian region  lies  between  the  Potomac  River  on  the  north,, 
and  the  head  waters  of  the  Alabama  River  on  the  south. 
These  limits  include  the  well  known  manganese  districts 
of  the  Valley  of  Virginia  and  of  northern  Georgia,  besides- 
many  other  less  known  localities,  not  only  in  those  states^ 
but  also  in  Maryland,  West  Virginia,  Tennessee,  North  and 
South  Carolina,  and  Alabama. 

Topographic  position. — The  general  surface  features  of  the 
manganese-producing  states  in  the  Appalachian  region  are  so  well 
known  that  a  detailed  description  of  them  here  is  unnecessary.. 
A  few  words,  however,  are  required  to  explain  their  relation  to 
the  subject  in  question.     The  mountains  run  in  a  general  north- 

*Ib  addition  to  the  deposits  of  these  states,  meDtion  should  be  made  of  tb« 
manganiferoas  aioc  ores  of  Hterling  Hill  and  Franklin,  New  Jersey.  These  are  used  as  a  aonroe 
of  spie&eleisen  after  the  zinc  has  been  abstracted.  The  manganese,  howerer,  is  a  by-product, 
and  the  ores  are  mined  primarily  for  their  zinc.    They  hare  been  described  on  pages  91-98. 

fThe  manganese  deposits  of  New  Brunswick  and  Nora  (Scotia  properly  belong  to> 
thoee  of  the  Appalachian  region,  but  as  they  differ  considerably  from  most  of  the  Appalachian. 
depositB  they  are  treated  in  a  separate  chapter. 
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'east  and  southwest  direction,  parallel  to  the  Atlantic  coast,  in 
«ome  places  reaching  the  immediate  shore  line  as  in  New 
England,  in  others  receding  from  a  hundred  to  two  hundred 
miles  from  it,  as  along  the  coast  of  the  southern  states.  The 
intervening^  space  in  the  latter  region  is  occupied  by  a  com- 
paratively low  area,  which  slopes  off  gradually  and  becomes 
more  and  more  nearly  level  until  the  flat  tide  water  region  is 
reached. 

The  mountainous  area  varies  from  less  than  a  hundred  to 
over  two  hundred  miles  in  width,  and  is  bounded  on  the  west  by 
the  plateau  area  com  pi-ising  the  eastern  part  of  the  Mississippi 
basin.  The  mountains  consist  of  a  series  of  parallel  ranges 
separated  by  intervening  valleys,  and  follow  the  general 
northeast  and  southwest  structure  of  the  region.  The  most 
•easterly  of  these  ranges  forms  the  Blue  Ridge  of  Virginia  with 
its  southwesterly  prolongation  thence  into  Georgia  and  Alabama. 
To  the  west,  are  the  Allegheny  Mountains  with  their  south- 
westerly extension  in  the  Cumberland  Range.  Both  the  Blue 
Hidge  and  Allegheny  Mountains  with  their  southerly  prolonga- 
tions, include  many  minor  and  parallel  ranges,  such  as  the 
Black,  Great  Smoky,  Unaka,  Cheat,  Clinch,  and  numerous  other 
mountains.  Between  the  two  main  chains  is  the  Valley  of 
Virginia,  frequently  divided  longitudinally  by  subordinate  moun- 
tain ranges,  and  continued  on  the  north  by  the  Cumberland 
Valley  of  Pennsylvania  and  the  Lake  Champlain  basin  of 
Vermont,  and  extending  south  into  Tennessee  and  Georgia. 
This  valley  and  its  Blue  Ridge  barrier  on  the  east  have  been 
the  seat  of  nearly  all  the  manganese  mining  in  the  Appalachian 
region,  though,  as  will  be  shown  in  the  next  chapter,  work  has 
also  been  done  elsewhere  both  to  the  east  and  the  west. 

HISTORY  OF  MANGANESE  MINING  INTHE  APPALACHIAN  BEGION. 

The  general  historical  features  of  manganese  mining  in 
America,  in  which  the  Appalachian  region  has,  so  far,  played 
the  most  important  part,  have  been  given  in  chapter  IV.  Only 
•a  summary  of  the  general  facts  which  pertain  to  this  special  area 
need  be  repeated  here,  while  minor  details  concerning  individual 
{)roperties  are  given  under  the  descriptions  of  those  places. 
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The  first  manganese  mining  in  the  United  States,  so  far  aa 
it  is  possible  to  find  out,  was  done  near  Whitfield,  in  Hickman 
count jy  Tennessee,  where  small  quantities  of  ore  were  taken  out  in* 
1887.  Similar  amounts  have  been  mined  since  then  at  the  same 
place  for  use  in  coloring  pottery.  *  In  1859,  Mr.  Sibert  made- 
several  small  openings  in  the  manganese  deposits  of  the  Valley 
of  Virginia,  at  the  Lyndhurst  mine,  the  Kennedy  mine,  and 
elsewhere,  and  is  said  to  have  shipped  some  ore.  Manganese- 
is  said  to  have  been  mined  at  the  Van  Buren  and 
Paddy  Mills  mines  in  Virginia  at  nearly  the  same  time  or 
shortly  afterwards,  but  in  small  quantities.  About  the  same 
time  also  manganese  mining  was  carried  on  in  Vermont.  The 
exact  year  that  work  was  begun  in  this  state  is  uncertain,  but 
it  is  stated  f  that,  in  1861,  considerable  quantities  of  manganese 
ore  had  already  been  shipped  to  England  from  Brandon  and 
Chittenden. 

In  1867  Mr.  James  E.  Mills  commenced  a  thorough  ex- 
amination of  all  the  manganese  deposits  of  the  Appalachian 
region  so  far  as  then  known,  and  shortly  afterwards  he- 
opened  the  Cabell  mine  in  the  Valley  of  the  James  River.  Hia 
work  represented  the  first  serious  attempt  to  mine  manganese 
sybtematically  and  on  a  large  scale  in  this  region. 

In  1867,  the  Crimora  mine  in  the  Shenandoah  Valley,  in 
the  same  state,  was  bought  by  a  stock  company  which  suspended 
operations  in  1869.  From  that  time  until  1882  the  mine  waa 
worked  intermittently,  but  only  small  quantities  of  ore  were 
shipped.  In  1867,  the  Dobbins  mine  near  Cartersville,  Georgia,, 
was  opened  and  was  the  first  manganese  property  worked  in  that 
state. 

During  the  next  ten  years  (1867-1877)  the  manganese  in^ 
dustry  grew  steadily  but  slowly  in  both  Virginia  and  Georgia^ 
but  in  the  other  states  represented  in  the  region,  very  little  waa 
done,  though  in  North  Carolina  small  quantities  of  ore  were 
mined.     Up  to  this  time  most  of  the  pre  mined  had  been  sent  ta 

«  Joteph  D.  Weeks,  Mineral  ResourceB  of  the  United  Statee,  1885,  p.  346. 

t  Geology  of  Vermont,  E.  Hitchcock,  E.  Hitchcock,  jr.,  A.  D.  Hager,  and  C.  H^ 
Bitehcock,  1861. 
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Europe  and  was  principally  used  for  chemical  purposes ;  but  the 
rapidly  growing  manufacture  of  Bessemer  steel  in  the  United 
States  greatly  increased  the  demand  for  manganese,  so  that  in 
the  next  decade  several  companies,  producing  considerable 
quantities  of  ore,  came  into  existence ;  and  from  1880  to  1890 
their  number  and  output  steadily  increased.  In  1882  the 
Crimora  mine  was  leased  by  James  B,  White  and  Company,  and  is 
now  operated  by  the  American  Manganese  Company.  It  has  been 
the  largest  producer  of  manganese  in  the  United  States,  and  up 
to  December  31,  1888,  its  total  output  was  about  108,785 
tons  of  ore.  *  Smaller  quantities  have  been  produced  at  many 
properties  both  in  Virginia  and  Georgia,  as  is  shown  in  the 
following  chapter,  though  with  the  exception  of  limited  opera- 
tions in  western  North  Carolina,  but  little  work  has  been  done 
in  the  intervening  states.  Statistics  of  production  in  the 
Appalachian  region  are  given  in  chapter  IV.,  pages  65-68,  and 
also  in  the  descriptions  of  individual  localities  in  chapter  XV. 

In  conclusion  it  may  be  said  that,  though  manganese  has 
been  mined  in  many  different  places  in  the  last  twenty  years  in 
the  part  of  the  Appalachian  Mountains  lying  between  the 
Potomac  and  the  Alabama  Rivers,  only  a  few  of  the  mines  have 
proved  to  be  profitable.  In  fact  the  areas  of  important  mining 
have  been  almost  entirely  confined  to  Virginia  and  to  the- 
Cartersville  region  of  Georgia ;  while  even  in  these  regions  they 
are  still  farther  narrowed  down  to  the  Crimora  mine  and  a  few 
others  in  Virginia,  and  to  a  few  localities  in  Georgia.  At  other 
places  manganese  has  been  mined  at  a  profit  for  short  intervals,, 
but  most  such  localities  have  not  stood  the  test  of  time.  Three 
causes   have  combined  to  bring  about  this  result : 

(1)  Many  of  the  deposits  worked  were  far  from  railways^ 
and  the  expenses  of  transportation  consumed  the  profits. 

(2)  Ignorance  on  the  part  of  the  operators  of  the  nature 
and  mode  of  occurence  of  the  ore  has  hastened  the  downfall  of 
many  properties.  This  was  especially  true  in  former  times  when 
the  character  of  manganese  deposits  was  not  so  well  understood 


0  Mineial  Resources  of  th?  United  SUtes,  1888,  p.  18S. 
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as  it  is  DOW,  and  many  errors  were  committed  that  would  not 
be  made  by  the  more  experienced  manganese  miner  of  to-day. 

(3)  The  irregular  mode  of  occurrence  of  the  ore  has  caused 
the  failure  of  many  mines:  the  aggregate  amount  of  manganese 
in  the  region  is  large^  but  it  is  only  occasionally  that  enough  of  it 
occurs  in  one  place  to  permit  it  to  be  profitably  worked.  Man- 
ganiferous  iron  ores  have  been  found  in  considerable  quantities 
in  many  places,  but  manganese  ore  proper  is  much  less  abundant 
and  more  uncertain. 

In  spite  of  this  irregularity  in  the  mode  of  occurrence 
of  the  ore,  however,  the  Appalachian  region  ranks  today  as  one 
of  the  leading  manganese-producing  areas  of  the  world.  More- 
over, the  large  production  of  the  Crimora  mine,  and  the  smaller 
yet  considerable  production  of  other  mines  in  Virginia  and 
Georgia,  prove  that  extensive  deposits  of  manganese  ore  can  be 
found  in  the  Appalachian  region,  and  leads  to  the  belief  that 
other  large  deposits  may  be  discovered  in  the  same  geologio 
relations;  while  the  gradually  increasing  railway  facilities  may 
be  expected  to  add  largely  to  the  number  of  paying  mines,  not 
only  in  Virginia  and  Georgia,  but  also  in  other  states  in  the 
region. 

THE   GEOLOGIC   RELATIONS  OF  THE  MANGANESE   DEPOSITS. 

The  manganese  ores  of  the  Appalachian  region  occur  in 
rocks  of  several  geologic  horizons  from  Archean  to  Tertiary. 
In  fact  manganese  in  greater  or  less  quantities  characterizes 
many  of  the  iron  ore  belts  throughout  this  area,  bat  the  only 
deposits  that  have  been  worked  to  any  considerable  extent  as  a 
source  of  manganese  are  in  the  Cambrian  and  Silurian  rocks. 
Even  in  these  rocks  the  more  important  localities  are,  in  some 
places  at  least,  still  farther  narrowed  down  to  the  areas  of  Cam- 
brian quartzite  and  the  immediately  overlying  limestones  or 
shales. 

Speaking  geographically,  the  main  manganese-bearing  strat- 
um, which  in  different  places  may  be  represented  by  either  mangan- 
ese or  iron  or  both,  skirts  the  western  and  northwestern  slopes  of 
the  pre-Paleozoic  crystalline  rocks,  and  passes  through  the  Ap- 
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palachian  Valley  from  northern  Vermont  to  Alabama.  It  runs 
nlong  the  eastern  side  of  the  Lake  Champlain  basin,  through  the 
Oumberland  Valley  of  Pennsylvania,  the  Valley  of  Virginia  and 
of  East  Tennessee,  the  western  parts  of  N-orth  and  South  Caro- 
lina, the  northern  part  of  Georgia,  and  into  Alabama,  where  it 
iinally  disappears  under  the  Cretaceous  and  Tertiary  strata  of 
the  Lower  Mississippi   Valley, 

In  this  belt  of  country,  the  most  prominent  manganese 
-deposits  occur  in  a  residual  clay  in  or  overlying  quartzite. 
Whether  these  deposits  occupy  the  same  horizon  throughout  the 
Appalachian  Valley,  or  whether  they  represent  two  or  more 
different  horizons  is  a  matter  as  yet  of  some  uncertainty.  To 
the  west  of  the  area  of  the  deposits  associated  with  quartzite, 
manganese  is  found  in  several  horizons  in  the  Upper  Silurian 
rocks,  but  the  belt  of  deposits  here  referred  to  includes  those  of 
Brandon  and  South  Wallingford  in  Vermont;  Crimora  and 
Lyndhurat  (A.ugusta  county),  the  Cabell  mine  (Campbell 
<;ounty),  and  other  places  in  Virginia;  Holston  Mountain  in 
East  Tennessee;  and  the  Cartersville  region  in  Georgia.  These 
localities  are  in  areas  that  have  heretofore  been  designated  as 
Cambrian  sandstone,  mostly  Potsdam. 

The  late  investigations  of  the  United  States  Geological 
Survey,  however,  though  they  have  corroborated  the  Cambrian 
age  of  many  of  these  sandstones  or  quartzites,  have  shown  that 
in  the  case  of  others,  there  is  evidence  that  they  belong  to  a 
later  horizon,  and  in  some  cases  to  the  Upper  Silurian.  The 
evidence  at  present  seems  to  point  to  the  existence  of  three  great 
quartzite  formations  in  the  Appalachian  belt*:  the  first  and 
lowermost  is  of  Lower  Cambrian  age  and  represents  the  Granu- 
lar quartzite  of  the  western  slope  of  the  Green  Mountains ;  the 
second  is  of  Upper  Cambrian  age  and  represents  the  Potsdam 
sandstone;  the  third  represents  the  Medina  horizon  of  the 
Upper  Silurian.  The  first  and  third  of  these  formations  have 
been  found  abutting  against  the  western  slope  of  the  crystalline 
rocks  in  the  Appalachian  region,  and  represent  deposits  occupy- 

«  The  Surrey  is  indf>bted  to  the  kiDdoen  of  Mr.  Charles  D.  Walcott,  Paleontologist  of 
'the  United  States  Geological  Survej,  for  the  facta  in  this  classification  of  the  quartzites. 
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ing  successively  higher  positions  oo  the  edge  of  these  rooks^ 
which  once  formed  the  more  or  less  steeply  sloping  border  of 
the  Paleozoic  sea.     The  quartzites  often  resemble  each  other  id 
many  respects,  having  derived  the  sediments  of  which  they  are- 
composed   largely  from  the  same  type  of  crystalline  rocks.     Aa 
the  quartzitea  are  all,  at  times,  found  in  contact  with  the  crys- 
talline rocks,  this  position  cannot  always  be  taken  as  an  indica^ 
tion  of  their  age.     Consequently  it  is  frequently  impossible   ta 
decide,  without  the  aid  of  paleontology,  to  which  of  the  three 
horizons  the  quartzite  in  any  one  place  may  belong. 

As  shown  in  the  description  of  South  Wallingford,  Ver* 
mont,  in  the  next  chapter,  the  manganese  ores  of  that  locality^ 
occur  between  quartzite  and  limestone,  which  are  probably^ 
of  Lower  Cambrian  age.  This  probability  has  been  shown 
by  the  late  investigations  of  Dr.  J.  E.  Wolff,  of  the  United 
States  Geological  Survey,  who  has  proved  the  Cambrian  age  of 
what  appears  to  be  the  same  limestone  a  few  miles  north  or 
South  Wallingford.     (See  South  Wallingford.) 

In  Virginia,  Mr.  Baiiey  Willis,  of  the  United  States  Geo- 
logical Survey,  and  his  assistants,  have  determined  certaiiv 
quartzites  near  Harper's  Ferry  as  of  post-Trenton  age;  while  the 
quartzites  of  the  Cartersville  region,  Georgia,  according  to  in- 
formation kindly  furnished  the  Survey  by  Dr.  C.  W.  Hayes,  of 
the  United  States  Geological  Survey,  are  of  as  yet  uncertain  age,, 
and  may  belong  in  the  Cambrian  or  in  the  Upper  Silurian.  On 
the  other  hand,  elsewhere  in  Virginia,  Tennessee,  and  other 
states  throughout  the  Appalachian  belt,  undoubted  Cambriaa 
quartzites  occur  in  numerous  localities. 

There  is  as  yet,  therefore,  some  doubt  about  the  relative- 
ages  of  those  mangane3e  deposits  ia  the  Appalachians  which  are 
associated  with  quartzites.     Some  have  been  proved  to  be  ot 
Cambrian  age,  others  are  undetermined,  but  have  not  yet  been 
proved  to  be  other  than  Cambrian. 

The  mode  of  occurrence  of  the  ores,  especially  from  Ver- 
mont to  Tennessee,  is  remarkably  alike :  They  occur  at  or  near 
the  contact  of  quartzite  and  overlying  limestones  and  shales,^ 
sometimes  directly  on  the  line  of  parting,  at  other  times  in  ther 
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upper  part  of  the  qaartzHe,  or  the  lower  part  of  ibe  limeatones^ 

or  shaleA.  MaDganesey  like  iron,  however,  is  of  very  general  dis- 
tribution in  various  geologic  horizons,  and  it  is  as  yet  premature 
to  attempt  to  state  the  exact  relation  of  all  the  manganese  de- 
posits in  the  quartzite  area  of  the  Appalachian  Valley.  The  strati- 
graphic  and  lithologic  similarity  of  the  deposits  in  this  district 
requires  the  further  support  of  paleontologic  evidence,  before 
the  relations  of  the  different  localities  can  be  determined.  The 
evidence  at  present  available,  however,  in  the  region  from> 
northern  Vermont  at  least  as  far  south  as  Tendessee,  seems  ta 
suggest  the  possible  Cambrian  age  for  many,  if  not  most  of  those 
manganese   deposits   in   or     immediately   above   the  quartzite^ 

Besides  the  deposits  in  the  Cambrian  or  Silurian  quartzite  or- 
the  associated  strata,  manganese  ore  also  occurs  in  both  older 
and  younger  formations.  The  other  deposits,  however,  have 
produced  only  limited  quantities  of  ore,  and  but  few  of  them  are 
being  worked  at  present. 

The  ores  in  the  Archean  and  other  pre- Paleozoic  rocks 
forming  the  eastern  and  southeastern  parts  of  the  Appalachian 
Mountains,  are  mostly  in  the  forms  of  rhodonite  and  other 
silicates,  in  which  conditions,  on  account  of  their  high  percent- 
ages of  silica,  they  are  not  available,  according  to  present 
standards,  as  sources  of  manganese.  Rhodochrosite,  or  carbonate 
of  manganese,  is  sometimes  associated  with  the  silicates,  but  it  i». 
in  too  small  quantities  to  be  of  economic  value.  It  has  probably 
in  some  cases  resulted  from  the  alteration  of  the  silicate.  Gen- 
erally the  outcrops  of  the  deposits  of  manganese  silieatea. 
have  been  partially  decomposed  and  various  oxides  of  manganese 
have  been  formed,  but  this  alteration  is  usually  only  superficial*. 
(See  page  85.)  Wad  is  also  of  frequent  occurrence  in  the  area 
of  crystalline  rocks  and  has  resulted  mostly  from  the  decomposi- 
tion of  the  silicates  of  manganese,  and  to  a  lesser  degree  froov 
that  of  other  manganese  minerals. 

The  ores  in  the  crystalline  rocks,  together  with  their  altera- 
tion products  as  just  described,  comprise  almost  all  the  man- 
ganese  of  Maine,   New  Hampshire,  and   Massachusetts,  as  weli 
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as  of  certain  other  localities  in  the  Appalachaius,  and  are  further 
described  under  the  different  states. 

Manganese  ores  belonging  in  Upper  Silurian  limestone  are 
said  to  be  found  in  the  mouDtains  west  of  the  Valley  of  Virginia. 
In  Georgia  the  principal  manganese  region  is  in  the  quartzite 
area  north  and  northeast  of  Cartersville  (see  next  chapter); 
but  there  is  another  area  in  Floyd  and  Polk  counties  south  of 
Cave  Springs  about  thirty  miles  west  of  the  Cartersville  region, 
where  the  manganese  occurs  in  chert  or  cherty  limestones 
*  ^hich  represent  Lower  Silurian  rocks.  These  rocks  according 
to  C.  W.  Hayes  correspond  to  the  Knox  dolomite  of  Safford.^ 
The  same  conclusion  has  also  been  reached  by  Dr.  J.  W« 
-Spencer,  State  Geologist  of  Georgia,  Similar  ores  occur  north 
of  Cave  Spring  in  the  neighborhood  of  Tunnel  Hill  in  Whitfield 
-county,  and  elsewhere  in  the  same  part  of  the  state.  Carbonate 
of  manganese  oflen  forms  a  small  proportion  of  the  carbonate, 
or  spathic  iron  ores  in  Silurian  and  Devonian  shales  and  slates, 
in  various  parts  of  the  Appalachian  region. 

Manganese  in  small  quantities  in  the  form  of  carbonate  is 
characteristic  of  the  spathic  iron  ores  in  the  Carboniferous  rocks 
of  Pennsylvania  and  elsewhere.  It  forms,  however,  only  an 
unimportant  part  of  the  ore,from  a  fraction  of  a  per  cent  to  4.6 
per  cent  of  carbonate  of  manganese  (equal  to  2.12  per  cent  of 
metallic  manganese),  f 

Manganese  ores  are  said  (o  have  been  found  in  the  Tertiary 
sediments  in  the  coastal  area  of  Virginia,  aad  to  have  been  mined 
near  City  Point  on  the  James  River. 

THE  MANGANESE  ORES. 

Mineralogical  forma  of  the  ores. — The  workable  manganese 
ores  in  the  states  in  question  are  mostly  massive  psilomelane 
and  crystalline  pyrolusite,  X   though  manganite  ||    probably  also 


*  See  description  of  Uie  manganese  deposits  of  Georgia  in  cliapter  XV.  of  this  report. 

t  H.  D.  Rogers,  Geology  of  Penn.,  1858,  Vol.  II.,  p.  739.  Andrew  8.  McCreath,Ohemlcal 
Analyses,  Second  Geol.  Survey  of  Penn.,  1879,  Vol.  M.  M.,  pp.  159-184. 

tA  detailed  analysis  of  pyrolusite  from  tlie  Crimora  mloe,  Virginia,  is  given  on  page  97. 

B  A  mineral  tliat  is  probably  manganite  is  described  under  the  discussion  of  tb«  man- 
^anese  deposit  of  South  Wallingford,  Vermont,  in  the  next  chapter. 
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occurs,  and  it  is  possible  that  a  carefal  search  might  reveal  the 
presence  of  braunite  *  and  perhaps  hausmannite. 

Wad  sometimes  occurs,  as  well  as  rhodonite  and  other  man^ 
ganese-bearing  silicates,  but   such   minerals  are   not  at  present 
available  as  manganese  ores,  t     Rhodochrosite,  or  carbonate  of 
manganese,  occurs  in  many  places,  though   it  has  not  yet  been 
found    in   commercially   important   deposits  anywhere   in    the 
United  States.    All  the  above  mentioned  minerals  have  been  de- 
scribed in  chapter  V.,  and  do  not  require  further  'mention  here.. 
As  stated  in  that  chapter  the   different    varieties   of   oxides   of* 
manganese  are  intimately  associated  with  each  other,  and  blend 
together  without  any  sharp  line  of  separation.      It  is  the   ex- 
ception that  pure  masses   of  any  one  oxide  are   found.      The 
most  striking  physical   differences  in  the  ores  are  their  massive 
or  crystalline   characteristics ;  but   a  sample   of  crystalline  ore 
may  include  two  or  more  crystalline  oxides,   and  a   sample   of 
massive  ore  may  include  two  or  more  varieties  of  massive  oxides. 
The  exact  nature  of  the  ore,   therefore,   in    many  cases  must  be> 
determined  by  chemical  analysis.      Time   has   not  permitted   a 
detailed  examination  of  the  chemical  nature  of  all  the  manganese 
oxides  collected  in  the  Appalachian  region,  and  therefore  in  the 
descriptions  of  localities  given   in    the  next  chapter,  whenever 
there  is  any   doubt   about   the  mineralogical  nature  of  the  ores,, 
they  are  simply  referred  to  as  massive  or  crystalline,  as  the  case 
may  be.     The    manganese  ores  are  frequently  associated    with, 
iron   ore  in   the  form   of  more  or   less  manganiferous   brown, 
hematites,  as  explained  below  and  also  on  pages  87-89. 

Commercial  value  of  the  ores. — So  far  as  the  analyses  at  hand 


.    ^  The  name  braunite  it  most  indisciiminatel j  applied  to  manganefe  ores  in  tlie  Appala- 
chian r^on  and  even  elsewhere,  under  the  delusion  that  it  neoessarilj  refera  to  an  ore  of  a 
brown  color.    The  name  was  not  given  on  acooont  of  the  color  of  the  mineral,  hut  was  applied 
bj  Wm.|HaidiDger  (Edinburgh  Jour.  Sci.,  1826, Vol.  rv.,p.  48)  in  honor  of  Mr.  Braun  of  Ootha. 
As  a  matter  of  fact  the  mineral  braunite,  though  sometimes  of  a  brown  oolor,  is  verj  often,  if 
not  genf  rallf  of  a  black  color,  and  the  relation  of  the  name  to  the  oolor  of  some  specimen!  is. 
purely  accidental.    As  a  result  of  this  wrong  idea  of  the  name,  a  mistake  eommonlj  made  is  Uk 
include  as  braunite  those  manganese  ores  which   contain  more  or  less  iron  and  are  therebj 
subject  to  a  brown  or  rustf  discoloration.     The  onlf  region  in  the  United  States  where, 
braunite  has  been  proved  to  occur  in  quantities  is  in  the  BatesviUe  region  of  Arkaniaa  (i 
psges  148-154). 

t  See  chapter  V. 
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>8how/  the  ores  in  large  shipments  average^  from  40  to  over  50 
per  cent  of  maoganese,  from  less  than  1  per  cent  to  over  15  per 
cent  of  silica,  and  from  less  than  0.10  per  cent  to  over  0.5  per 
xsent  of  phosphorus.  The  amount  of  silica  and  phosphoras  is  so 
variable  that  a  statement  of  an  average  is  of  but  little  valae,  and 
frequently  the  limits  given  above  are  exceeded.  The  amoont  of 
|>erozide  of  manganese  that  could  be  used  for  chemical  parposes 
is  also  very  variable.  As  pyrolusite  contains  a  larger  amoant 
Gf  this  material  than  any  other  ore  of  manganese,  being  when 
pure  composed  entirely  of  it,  the  amount  of  peroxide  depends 
largely  on  the  quantity  of  pyrolusite  present  in  the  ore.  This 
subject  has  been  more  fully  explained  in  chapter  III.,  pages 
40-42. 

In  the  amount  of  iron  present,  the  range  of  variation  is 
€ven  greater  than  in  other  ingredients,  and  may  be  said  to  run 
all  the  way  from  less  than  one  per  cent  upwards  until  the  man- 
ganese ore  merges  into  a  manganiferous  iron  ore,  in  which  the 
iron  replaces  the  larger  part  of  the  manganese.  There  are  still 
further  stages  where  the  iron  completely  replaces  the  manganese. 
Between  the  two  extremes  of  pure  manganese  ore  and  pure  iron 
ore,  there  is  every  imaginable  gradation  in  the  amount  of  admix- 
ture of  the  two  materials.  The  iron  ore  associated  with  the 
manganese  is  usually  a  brown  hematite  and  the  admixture 
occurs  in  a  great  number  of  ways :  sometimes  it  is  an  intimate 
^nd  apparently  homogeneous  combination,  which  has  the  ap- 
pearance of  a  manganese  ore  when  iron  is  in  small  quantities, 
and  of  an  ordinary  brown  hematite  when  manganese  is  in  smal^ 
<][uantities.  At  other  times,  the  manganese  is  covered  with  a 
rusty  stain  of  iron,  or  occurs  as  crystals  lining  cavities  in  the 
hematite.  Frequently  masses  of  hematite  are  coated  by  a  crust 
of  manganese  ore,  and  often  the  two  ores  occur  in  alternating 
layers  with  well  defined  lines  of  separation  between  them.  In 
fiuch  cases,  the  iron  ore  always  largely  predominates,  the  man- 
ganese being  only  a  subordinate  feature  of  the  bed.     The  latter 

*  Th6M  sUtemeDta  of  arerage  percentages  refer  only  to  the  oxide  ores  of  manganess,  and 
not  to  the  silicates,  which  are  much  lower  in  manganese  and  higher  in  silica  than  the  ox- 
ides.   The  silicates  are  not  used  as  a  source  of  manganese  in  this  countrj.    (See  page  85.) 
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t>re  is  also  much  more  aBcertain  in  its  distribatioD  than  the  iron^ 
and  the  interbedded  layers  of  it  in  hematite  deposits  are  always 
lenticular^  alternately  running  out  and  reappearing.*  The  man- 
ganese ore  is  not  always,  however,  in  such  close  association  with 
the  iron  ore :  in  some  places  the  two  ores  occur  in  distinct  beds 
^ach  containing  comparatively  little  admixture  of  the  other,  and 
yet  existing  in  the  same  neighborhood  and  enclosed  in  the  same 
rock  or  clay. 

By  far  the  larger  part  of  the  manganese  ore  mined  in  the 
Appalachian  region  is  at  present  used  in  the  manufacture  of 
«piegeleisen  and  ferro- manganese  for  admixture  with  steel.  In 
former  times  it  was  mostly  sent  to  Europe  and  consumed 
in  chemical  manufactures,  especially  in  making  chlorine  for 
bleaching  powders.  At  present  also  certain  quantities  are 
tised  in  this  eountry  as  a  reagent  in  the  manufacture  of  bromine, 
and  of  glass,  and  for  other  chemical  purposes,  but  they  are  in- 
"Considerable  in  comparison  with  the  amount  consumed  in 
making  Bessemer  steel.     (See  chapter  II.) 

The  following  analyses  with  the  exception  of  No.  24,  which 
was  made  of  a  cargo  of  186  tons  sent  to  England,  all  represent 
the  composition  of  car-load  shipments  of  manganese  ores  from 
different  states  in  the  Appalachian  region. 

Analyses  1-10,  20-23,  and  25-32  were  kindly  furnished  the 
Survey  by  Mr.  H.  M.  Curry,  of  the  firm  of  Carnegie  Brothers 
and  Company,  Pittsburg,  Pa. 

Analyses  11-19  were  kindly  furnished  the  Survey  by  Mr, 
John  Fulton,  General  Manager  of  the  Cambria  Iron  Company, 
Johnstown,  Pa. 

Analysis  24  is  quoted  from  Mr.  James  E.  Mills,  American 

Chemist,  August,  1871,  page  51. 

'    — - — ■ — ■ —  .    — —    ■ 

*  For  furihor  details  cODcerniog  manganiferous  iron  orei  seepages  87-89. 
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Anaiytea  of  car-load  ahipmenU  of  manganese  ores  from  the  Ap- 
palachian region. 


•  Onlr  ■  pill  al  tl><  u>1t>I>  1>  g'T'n  here,  ond  it  is  Biprxaed  Id  Unna  dlCTUaDt  tram 
tba  OTlglDiI  In  Older  lo  lalt  tti*  ijiub  of  thts  (able.  Tbe  iiidTali  li  qooUd  In  (all  a  ndei  tb* 
dMoripUom  ol  Ilia  Cabell  mlD*.    Tha  orsconLBiniti.lO  parMDt  of  ptroild>atiti*afan«. 
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MODE  OF  OCCURRENCE  OF  THE   MANGANESE   ORES. 

Derivation  of  the  ore  deposits. — The  mangaoese  ores  of  the 
main  quartzite  belt  of  the  Appalachian  Mountains^  described  on 
pages  376-379,  usually  occur  as  irregular  bodies  imbedded  ia 
clay.  Both  the  ore  and  the  clay  once  formed  a  part  of  shaly^ 
calcareous,  or  sand/  rocks,  either  immediately  over  the  quartzite 
or  imbedded  in  it.  Sometimes  also  the  ore  occurred  alone  in 
the  quartzite,  without  the  other  strata. 

The  clay  in  which  the  ores  are  now  found  represents  the 
residual  product  of  the  surface  decay,  in  situ,  of  the  original  rock, 
and  occupies  the  same  or  approximately  the  same  p  )sition  as 
that  rock  formerly  held.  It  is  bordered  on  either  side  by  rocks 
which  have  undergone  much  less  decay,  and  conforms  to  all  the 
folding  exhibited  in  these  harder  strata,  *  The  clay  deposits, 
on  account  of  their  softness,  have  suffered  considerably  more 
from  erosion  than  the  associated  rocks,  and  now  usually  occupy 
hollows  or  basins  in  the  mountains,  such  as  are  seen  at  Crimora, 
Lyndhurst,  and  elsewhere  in  the  Valley  of  Virginia;  and  at  the 
Chumler  Hill  and  other  mines  in  Georgia.  Where  the  decayed 
rock  covers  considerable  areas,  however,  erosion  has  often  left 
one  part  higher  than  another,  aud  in  such  cases  the  ore  is  some- 
times found  on  low  hills.  Such  an  occurrence  is  seen  at  the 
Dobbins  mine  in  Georgia. 

Though  the  ore-bearing  bed  is  usually  in  the  form  ot 
residual  clay,  it  has  in  some  places  retained  its  rock  form  even 
on  the  surface,  and  in  such  cases  there  is  an  opportunity  to 
compare  the  position  held  by  the  ore  in  the  original  deposit' 
with  that  in  the  decomposed  bed.  This  examination  leads  to 
the  belief  that  the  ore  as  now  found  in  the  clay,  is  in  a  position 
very  similar  to  that  which  it  held  in  the  solid  rock,  though  it 
has  sometimes  been  broken  up  in  the  disintegration  of  the  b^d, 
and  has  in  some  cases   been  influenced  by  minor  chemical  action. 

The  ore  deposit  is  frequently  derived  from  beds  of  more  or 

^  Principles  of  deriration  similar  to  those  givea  here  for  maDgaDeae  have  been  already 
described  in  th«  case  of  certain  iron  ores  in  the  Appalachian  Honntainsbj  R.  M.  S.  Jackson, 
J.  P.  Lesley,  B.  S.  Lyman,  T.  Sterry  Hunt,  and  Persifor  Fraaer,  and  are  further  discussed  in. 
the  final  chapter  of  this  report. 

25  Geological,  Vol.  L,  1890. 
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Ies8  calcareous  shale  or  schist,   and  often  still   preserves    some- 
thing of  a  shaly  structure.    In  some  places  it  has  resulted  from 
the  decay  of  a  fine  grained,  earthy,  and  often  shaly  sandstone,  while 
away  from  the  ore-bearing  part  of  the  bed  the  sandstone  becomes 
ooarser.     When   the  ore-bearing  stratum  decays  the  earthy  part 
forms  clay  and  the  coarse  sandstone  is  the  only  rock  seen  on  the 
surface.    In  other  places  the  ore  bed  has  been  derived  by  the  disin- 
tegration of  a  coarser  sandstone,  and  in  such  cases  the  deposit  is 
more    or   less   sandy,   varying    in    character   and    manner    of 
admixture  just  as  the  original  rock   varied.      Sometimes    the 
mans^anese  ore  and   the   enclosing   clay   have   come  from   the 
decomposition  of  thin,  interbedded  strata  of  limestone,  shale,  and 
sandstone  which  overlie  the  main   sandstone   or   quartzite  bed, 
and  the  character  of  the  clay   depends  directly  on  the  relative 
proportions  of  the  dififerent  strata   from   which   it  was  derived. 

The  color  of  the  clay  enclosing  the  ore  depends  directly 
on  the  chemical  character  of  the  original  rock,  though  the  action 
of  oxidation  during  decay  has  often  caused  the  clay  to  assume 
a  color  very  dififerent  from  that  of  the  rock.  The  color  of  the 
clay  varies  considerably,  being  red,  yellow,  brown,  purple,  or 
black,  and  sometimes,  though  rarely,  pure  white.  The  black 
is  especially  noticeable  near  the  ore  bodies,  and  is  probably  due 
to  the  presence  of  finely  disseminated  oxide  of  manganese. 
Frequently  the  dififerent  colors  occur  together,  giving  the  clay 
a  brilliantly  variegated  appearance.  All  the  colors  are  largely 
due  to  a  stain  of  iron  and  manganese  in  dififerent  degrees  of 
oxidation  and  hydration,  hence  producing  a  variety  of  colors. 

Distribution  of  ore  in  the  clay. — The  manganese  usually 
occurs  in  the  form  of  nodules,  pockets,  or  lenticular  layers,  oflen 
widening  out  into  larger  bodies  and  contracting  again  until  an- 
other large  pocket  is  met.  In  whatever  form  the  ore  is  found, 
it  seems  to  conform  in  a  general  way  to  the  bedding  of  the 
enclosing  material,  though  the  disconnected  character  of  the 
deposits  sometimes  renders  this  tendency  obscure.  At  times, 
side  pockets  and  ^'stringers"  of  ore  extend  from  the  main  deposit 
and  cut  directly  across  the  bedding,  but  these  are  probably  due 
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to  a  secondary  process  of  solation  and  re^eposition  which  took 
place  after  the  formation  of  the  bedded  deposits. 

The  ore-bearing  pockets  yary  greatly  in  size,  from  mere 
nests  to  bodies  five  or  six  feet  in  thickness  and  often  twenty  or 
thirty  feet  in  length.  They  vary  as  mach  in  number  as  they  do 
in  size,  in  some  places  being  comparatively  close  together,  in 
others  fifty  or 'a  hundred  feet  apart.  Their  longer  axes  almost 
invariably  run  in  the  direction  of  the  enclosing  strata,  and  as 
these  usually  stand  at  high  angles,  the  pockets  generally  have  a 
steep  dip.  The  pockets  are  composed  either  of  comparatively 
solid  ore,  or  of  numerous  nodules  more  or  less  closely  assembled 
in  the  enclosing  clay.  The  more  solid  deposits  generally  con- 
tain masses  of  clay  or  long  lenses  of  the  same  material,  dividing 
the  bed  longitudinally.  Frequently  the  ore  occurs  in  numerous 
thin  seams  honeycombing  the  bed  in  all  directions  and  giving  it 
a  brecciated  appearance ;  but  even  in  such  cases,  the  breccia  as  a 
whole  follows  certain  fixed  lines  in  the  direction  of  the  stratifica* 
tion  of  the  rock. 

The  iron  ore  occurs  in  the  clay  in  a  manner  somewhat 
similar  to  the  manganese,  but  it  is  in  deposits  of  much  greater 
^ize,  and  is  less  discontinuous  and  uncertain  in  its  extent. 

Masses  of  the  ore-bearing  rock  in  the  day, — Associated  with 
the  manganese  ore  in  the  clay,  are  fragments  of  the  original 
shale  or  sandstone  varying  from  a  few  inches  to  five  or  six  feet 
in  diameter,  and  often  containing  masses  of  ore.  They  are  in 
all  stages  of  decomposition,  from  a  solid  massive  rock  to  a  soft, 
disintegrating  material,  the  latter  often  coating  the  former. 
They  represent  more  resistant,  or  else  better  protected  parts  of 
the  original  bed,  which  have  thus  far  escaped  decomposition. 

The  original  rock  was  often  a  shaly  material  with  lenticular 
masses  of  quartz  and  other  hard  rock ;  and  when  the  bed 
decayed,  the  harder  masses  remained,  while  the  enclosing 
material  was  completely  converted  to  residual  clay.  Hence  in 
many  places  the  only  rocks  seen  in  the  clay  are  these  more  resist- 
ant masses,  and  they  are  apt  to  give  the  false  impression  that 
they  once  formed  the  bulk  of  the  bed,  whereas  they  often  coixv- 
prised  only  a  small  portion  of  it.    The  \ooafc  TXi^*»aei^  oi  x^^  ^^^ 
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often  in  the  shape  of  small  angular  fragments  of  quartz  veins  or 
of  a  breccia  cemented  by  ore.     The  number  of  rocky  fragments- 
Taries  in  different  places,  and  probably  depends  largely  on  the- 
nature  of  the  rock  of  the  original  bed,  the  more  resistant  varie- 
ties leaving  more  fragments  than  the  less  resistant. 

Iktent  of  the  ore-bearing  clay. — The  dimensions  of  the 
ore-bearing  clay  beds  are  uncertain,  for  the  deposits  are  usually 
covered  by  8oil  and  their  extent  is  known  only  where  they  have 
been  worked.  They  are  probably,  however,  in  some  places 
several  hundred  feet  thick,  though  the  ore  is  not  found  every- 
where in  them,  but  is  scattered  through  them  in  pockets,  as 
already  described.  The  rocks  generally  dip  at  steep  angles,  and 
the  downward  continuation  of  the  ore-bearing  stratum  may 
therefore  be  looked  for  to  an  indefinite  depth,  with  ore  existing 
in  it  irregularly.  At  certain  depths,  the  clay  may  be  expected 
to  merge  into  solid  ore-bearing  rock,  but  such  depths  are  often 
considerable,  and  some  of  the  deepest  mines  in  the  region  are 
still  working  in  clay.  At  the  Crimora  mine,  a  drill-boring 
showed  clay  still  at  276  feet  from  the  surface,  but  the  deposit 
was  not  tested  farther.  At  a  depth,  however,  the  clay  at  this 
mine  becomes  more  compact  and  approaches  its  original  shaly 
or  massive  structure. 

The  depth  of  the  rock  decay  varies  greatly  and  is  directly 
dependent,  other  things  being  equal,  on  the  character  of  the  rock 
and  the  condition  of  disturbance  of  the  strata.  A  more  resistant 
rock  will,  of  course,  be  decomposed  to  a  less  depth  than  one  that 
succumbs  more  easily  to  decomposing  agencies.  A  rock  tilted 
at  a  high  angle  seems  also  often  to  decompose  more  rapidly,  and 
to  a  greater  depth  in  a  given  time  than  one  inclined  at  a  low 
angle,  as,  in  the  former  case,  the  surface  waters  find  easy  access 
into  the  bed  along  the  lines  of  stratification,  while  in  the  latter 
case  the  more  gently  inclined  rocks  tend  to  shed  the  water. 
Instances  of  this  are  seen  in  many  places,  especially  in  Tennessee- 
and  Georgia. 


t   t 


CHAPTER  XV. 

THE  MANGANESE  DEPOSITS  OF  THE  APPALACH- 

IAN  REGIOIS.— Concluded. 

THE     MANGANESE     DEPOSITS     OF     MAINE,     NEW      HAMPSHIRE, 
MASSACHUSETTS,   CONNECTICUT,   AND   RHODE  ISLAND. 

General  features. — Manganese  has  been  found  in  many 
places  in  the  above  mentioned  states,  bat  it  is  either  in  quantities 
too  small  or  of  quality  too  poor  to  be  of  value.  It  oiten  occurs 
as  rhodonite  or  rhodochrosite  in  interbedded  layers  in  the  crys- 
talline rock.  Another  common  form  is  wad^  which  has  oflen 
been  formed  by  the  alteration  of  rhodonite  and  rhodochrosite. 
It  is  usually  too  low  in  manganese  and  too  high  in  silica  aud 
other  injurious  impurities  to  be  of  value  as  an  ore,  though  it  has 
been  mined  for  making  paint.  In  some  places  the  manganese 
occurs  as  an  oxide  of  good  quality,  but  so  far  as  this  has  been 
found,  it  is  in  small  quantities  of  no  commercial  importance. 

Maine. — Id  Maine  rhodonite  and  bog  manganese,  or  wad, 
occur  at  Blue  Hill  on  the  Atlantic  coast,  and  in  other  places  in 
the  state.  At  Blue  Hill  rhodonite  is  said  to  have  been  mined 
at  one  time  for  fluxing  purposes  at  the  Katahdin  Iron  Works, 
Bog  manganese  has  been  mined  in  Knox  and  Oxford  counties. 
On  Mt.  Desert  Island  a  deposit  of  a  brilliant  red,  manganiferous 
ochre  occurs  on  the  road  between  Bar  Harbor  and  Seal  Harbor. 

The  following  analyses   show  the  composition  of  the  Blue 
Hill  ore : 
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Analyses  of  manganese  ore  from 

Blue  Hill,  Maine.^ 

(1) 

(2) 

(8) 

MaDganese  protoxide... 

35.18 

29.72 

15.00 

Ferrous  oxide.... 

14.01 
7.45 
3.49 

24.91 
3.04 
5.02 

12.00 

Alumina.. 

I<lmC«  ••••••«•  •••••••*•••••••  •■• 

Phosphoric  acid.. 

1.02 

••■•••# 

35.84 

85.70 

39.00 

Manganese..       27.20 

28.02 

11.62 

Iron 10.90 

19.37 

9.33 

Phesphorns          0.45 

No.  1  was  analyzed  by  R.  H.  Rickard ;  No.  2  by  the- 
Scranion  Steel  Company  ;  No.  3  by  the  Cambria  Iron  Company. 

New  Hampshire. — In  New  Hampshire,  an  impure  rhodonite,, 
with  greater  or  less  quantities  of  oxides,  has  been  found  at 
Winchester  and  Hinsdale,  f  Pyrolusite  has  also  been  found  at 
Shelburne  and  other  localities. 

Massachusetts. — In  the  Berkshire  Hills  of  Massachusetts^ 
rhodonite  associated  with  oxides  of  manganese  has  been  found 
in  many  places.  At  Cnmmington  the  rhodonite  is  of  a  beautiful 
pink  color  and  has  been  mined  for  ornamental  purposes  and  for- 
cutting  into  gems.  Manganese  also  occurs  at  Plainfield,  %  Shef- 
field, §  Berkshire,  Deerfield,  Leverett,  and  on  the  east  slope  of 
Hoosac  Mountain.  ||  East  of  the  Hudson  River,  in  Massa- 
chusetts, manganese  often  exists  in  lenticular,  interstratified 
masses,  associated  with  carbonate  of  iron ;  elsewhere  in  western 
Massachusetts  manganese  in  small  quantities  is  a  common  aocom- 
panyment  of  iron  ores. 

Connecticut. — In  Connecticut  small  quantities  of  manganese 
occur  in  several  places  in  the  western  part  of  the  state,  at  Red- 
ding, Salisbury,  and  elsewhere.  It  is  frequently  associated  in 
small  quantities  with  iron  ores. 

« Mineral  Be«ourc«8  of  the  United  SUtes,  18S5,  p.  342. 

t  C.  H.  Hitchcock,  Qeol.of  New  Hampshire,  Vol.  I.,  1877. 

t  Jacob  Porter,  Amer.  Jour,  b'ci.,  1st  series,  Vol.  VII.,  1824,  p.  54. 

§  Calvin  Prescott,  Amer.  Jour.  Sci.,  Ist  series.  Vol.  IV.,  1822,  p.  189. 

I  E.  Hitchcock,  Amer.  Jour.  Sci.,  l&t  series.  Vol.  XXII.,  1832,  p.  61. 
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Rhode  Island. — In  Rhode  Island^  mangaDese  occars  near 
Sneech  Pond.  *  It  is  also  foand  in  the  form  of  oxide  on  the 
east  side  of  Blackstone  River,  two  and  a  half  miles  north  of 
Pawtncket.  f 

The  following  analysis  by  Professor  C.  T.  Jackson  shows 
the  composition  of  the  Sneech  Pond  ore : 

AncUyais  of  manganese  ore  from  near  Sneech  Pondj  Rhode  laUmd.X 

ManganeM  protoxide 82.8 

Ferroui  oxide... 35.9 

Silica- : ^..  26.4 

Carbonic  acid- 5.2 

100.8 

Manganese 25.4 

Iron 27.9 

THE  MANGANESE  DEPOSITS  OF  VERMONT — Location  and 

general  features. 

Manganese  has  been  found  in  many  places  in  the  western 
half  of  the  state  of  Vermont^  and  has  been  worked  at  several  of 
them,  especially  near  South  Wallingford  and  Brandon  in  the 
Otter  Creek  valley,  and  at  Chittenden  and  other  places.  The 
ore  at  the  first  two  places  occurs  either  at  the  contact  of  the 
Cambrian  sandstone  and  the  overlying  limestone,  as  at  Soutb 
Wallingford ;  or,  as  at  Brandon,  in  Tertiary  beds  which  have 
probably  been  formed  by  the  rearrangement   of  the  materials 

# 

from  the  same,  or  nearly  the  same  horizon. 

Otter  Creek,  which  drains  the  valley  of  that  name,  rises  in* 
the  southern  part  of  Vermont,  and  flows  north  along  the  western* 
slope  of  the  Green  MouDtains,  emptying  into  Lake  Champlain 
about  twenty  miles  south  of  Burlington.  A  large  part  of  the 
valley,  especially  from  Rutland  northward,  is  cut  through  the 
limestone  already  mentioned,  which  represents  the  Eolian  lime- 
stone   of  the    Geology   of   Vermont.  §       The    exact   geologic 

«  C.  T.   Jackson,  Amer.  Jour.  Sci.,  Ist  series,  Vol.  XL.,  1841,  p.  185. 
t  Samuel  Robinnon,  Amet.  Jour.  Sci.,  let  Beries,  Vol.  VIII.,  1824,  p.  281. 
X  C.  T.  Jackson,  Amer.  Jour.  Sci.,  1st  series,  Vol.  XL.,  1841,  p.  185. 
I  GeoIog7  of  Vermont,  E.  Hitchcock,  E.  Hitchcock,  jr.,  A.  D.  Eager,  and  C.  H.  Hitch- 
cock, 1861. 
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horizon  of  this  forination  has  been  a  matter  of  considerable 
dispute  and  it  has  been  variously  referred  to  horizons  from 
Lower  Cambrian  to  Chazy.  The  survey  has  been  kindly 
informed,  however,  by  Dr.  J.  E.  Wolft,  of  Harvard  University, 
thaty  in  his  work  in  that  region  for  the  United  States  Geological 
Survey,  during  the  summer  of  1890,  he  was  enabled  to  determine 
with  certainty  a  locality  of  this  limestone,  near  Rutland  and 
some  ten  miles  north  of  the  town  of  South  Wallingford,  as 
Lower  Cambrian.  It  seems  probable  that  the  limestone  at 
South  Wallingford  may  represent  the  same  horizon. 

East  of  Otter  Creek,  and  running  parallel  to  it  in  a  north  and 
south  direction,  is  a  series  of  quartzite  ridges,  rising  several 
hundred  feet  above  the  valley,  and  representing  the  western 
slopes  oi  the  Green  Mountains.  These  rocks  form  a  rugged 
barrier  to  the  valley  and  their  superior  hardness  over  that  of  the 
limestone  has  doubtless  largely  influenced  the  course  of  Otter 
Creek,  They  belong  below  the  limestone  referred  to  and  are, 
therefore,  probably  of  Lower  Cambrian  age.  To  the  east  of  the 
quartzite  ridges  is  the  main  range  of  the  Green  Mountains, 
composed  largely  of  metamorphic  rocks.  To  the  west  of  the 
Otter  Creek  valley,  and  forming  the  western  border  of 
Vermont,  are  the  unaltered  fossiliferous  rocks  representing 
Lower  and  Upper  Silurian  horizons. 

Iron  ore  was  mined  in  Vermont  in  the  early  part  of  this 
century,  but  the  first  work  on  manganese  was  considerably  later. 
The  two  ores  are  often  found  together,  but  the  manganese 
was,  in  early  times,  considered  to  be  injurious  to  iron  ore,  and 
was  avoided.  The  early  shipments  of  manganese  were  mostly 
made  to  England,  but  the  exact  date  is  uncertain.  They  proba- 
bly began,  however,  between  1850  and  1860,  and,  mostly  likely, 
nearer  the  latter  date.  *  No  manganese  is  mined  in  the  state  at 
present  (December,  1890),  though  work  was  done  on  the  deposits 
of  Brandon  and  South  Wallingford  in  1889,  and  was  continued 
until  the  summer  of  1890. 

.  THE  MANGANESE  DEPOSITS  OF  VERMONT — Otter  Creek  valley. 

The  South   Wallingford  mine. — The  village  of  South  Wall- 

<■  Further  facts  concerning  the  history  of  this  region  are  given  on  pages  59  and  874. 
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ingford  is  ou  the  Bennington  and  Rutland  Railway,  thirteen  miles 
i9outh  of  Ratland.  Manganese  and  iron  are  found  together 
about  a  quarter  of  a  mile  east  of  the  railway,  on  the  west  slope 
of  a  quartzite  ridge.  The  deposit  was  discovered  about  sixty 
years  ago  by  Mr.  Johnson,  of  South  Wallingford.  It  was 
worked  at  that  time  and  also  in  later  years  for  iron  ore ;  but  the 
manganese  is  said  not  to  have  been  mined  until  about  the  year 
1882.  The  property  is  owned  by  Mr.  G.  W.  Bradley.  It  was 
worked  by  Carnegie  Brothers  and  Company  in  1890,  but  mining 
was  discontinued  before  the  end  of  that  year. 

The  iron  ore  is  an  ordinary  brown  hematite.  The  mangan- 
ese  is  in  both  the  crystalline  and  massive  forms,  fibrous  crystals 
of  pyrolusite  sometimes  lining  cavities  in  the  massive  ore. 
There  are  also  found  nests  of  short  prismatic  crystals  with 
strongly  striated  surfaces^  an  iron-gray  color,  and  a  hardness 
greater  than  that  of  pyrolusite.  Dr.  S.  L.  Penfield,  of  Yale  Col- 
lege, has  very  kindly  measured  some  of  the  angles  of  these  crystals 
and  has  found  them  to  closely  resemble  those  of  true  manganite. 

The  massive  manganese  ore  often  occurs  in  the  form  of 
geodes,  or  *^  pot  ore,''  which  are  sometimes  filled  with  water  and 
locally  known  by  the  miners  as  '*  water-holes. ''  Occasionally 
well  formed  stalactites  of  massive  black  ore  are  found  in 
the  interiors  of  such  cavities. 

The  iron  and  manganese  ores  occur  in  pockets  and  nests  in 
a  yellow  and  sometimes  red,  lead-gray,  or  white  clay.  The  two 
ores  are  in  some  places  together  in  the  same  pocket;  at  others  in 
separate  ones.  When  mixed,  they  are  associated  in  all  pro- 
portions. The  yellow  and  red  clay,  locally  known  as  ochre, 
have  been  used  as  a  pigment,  and  several  houses  in  South  Wall- 
ingford are  painted  with  the  yellow  material. 

The  ore-bearing  deposit  occurs  at  the  contact  of  the  Cam- 
brian quartzite  and  the  overlying  limestone.  The  quartzite 
forms  the  mass  of  a  rugged  ridge,  running  in  a  general  north- 
south  direction ;  and  the  limestone  crops  out  on  the  lower  part 
of  its  western  slope,  extending  thence  into  Otter  Creek  valley. 
The  quartzite  is  a  hard  translucent  rock,  sometimes  showing  no 
trace  of  its  original  sandy  structure.     The  limestone  is  usually 
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of  a  gray  or  bufl  color,  massive  or  semi-crystalline,  and  is  muck 
contorted.  The  general  dip  is  almost  vertical  and  the  general 
strike  is  a  little  eabt  of  north. 

In  immediate  contact  with  the  sandstone,  and  between  that, 
and  the  ore-bearing  deposit,  there  is  often  a  stratum, several  feetL 
thick,  of  pure  snow-white  clay,  which  has   been  worked   as  a. 
source  of  pottery  clay.     It  sometimes  contains  masses  of  man- 
ganese ore. 

The  surface  outcrop  of  the  ore  deposit  is  obscured  by  glacial 
boulders  and  other  drift  materials  for  a  depth  of  from  ten  to. 
sixty  feet,  so  that  its  extent  can  be  seen  only  in  the  undergroand 
workings.  The  total  breadth  of  the  clay  deposit,  as  measared 
by  old  drifts,  is  sai.d  to  have  been  found  to  vary  from  a  hundred, 
and  fifty  to  three  hundred  feet,  with  ore  scattered  through  it  at 
intervals.  Some  of  these  drifts,  however,  on  account  of  thet 
disturbed  and  curved  condition  of  the  rocks,  went  diagonally 
across  the  deposit^  so  that  the  supposed  width  is  probably  mucL 
greater  than  the  actual  width. 

A  tunnel,  which  is  said  to  be  1,700  feet  long,  has  been  run 
into  the  hill  along  this  deposit,  and   numerous  small  drifts  and 
shafts  have  been  made  at  various  points  along  its  course.     The^ 
tunnel  was  started  at  the  foot  of  the  ridge  and  was  run  in  aa 
easterly  direction  through  the  limestone  until  the  ore  bed  was. 


w 


Figure  29.    Section   near  South  Wailingford,  Vermont,  showing  the  mode  of  oeeurrenee  ^ 
the  inanganese'bearing  clay. 

A.  Limestone. 

B.  Manganese-bearing  clay. 

C.  Qaartaite. 

Horizontal  scale  :    1  inch— 300  feet.    Vertical  scale :    1  inch— 100  feet 

reached.  Here  it  was  turned  north  and  continued  along  the  de^ 
posit.  Considerable  di£Giculty  was  experienced  from  the  water^ 
which  runs  into  the  tunnel  and  tends  to  cave  in  the  clay,  neces^ 
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sitating   heavy   timbering.     The  accompanjiDg  general  sectioa 
shows  the  relation  of  the  ore  bed  to  the  enclosing  rocks. 

This  deposit  doubtless  represents  the  decomposition  of  a 
bed  which  was  once  in  the  form  of  rock  carrying  the  ore  in  the 
same,  or  nearly  the  same  way  as  the  clay  now  carries  it.  The. 
rock  has  been  decomposed  in  place,  and  the  clay,  which  repre-^ 
sents  its  residual  product,  occupies  the  same  interstratified 
position  as  the  rock  formerly  held.  The  original  rock  was 
probably  a  siliceous  material  with  more  or  less  admixture  or 
shale  or  schist.  As*  evidence  that  the  ore  was  once  imbedded 
in  the  solid  rock,  it  may  be  stated  that  fragments  of  quartzite 
often  containing  masses  of  ore  are  found  in  the  clay,  and  are^ 
especially  noticeable  near  the  quartzite  on  the  east  side  of 
the  deposit.  These  probably  represent  the  more  resistant 
siliceous  parts  of  the  original  ore-bearing  rock,  which  have  sa 
far  escaped  decay.  The  following  analyses  show  the  composition 
of  the  manganese  ore  from  this  mine: 

Analyses  of  manganese  ore  from  South   Wallingford,   Vermant/^ 


CONSTITUENTS. 


UNWASHED  ORE. 


1. 


2. 


8. 


WASHED  ORE. 


5. 


6. 


MaDgane8e..w. 

Iron 

Silicm 

PhosphoruB^. 


20.141 

26.182 

20.602- 

84.398 

44.107 

85.000 

88.383 

26.104 

82.128 

14.650 

7.180 

25.000 

9.620 

10.000 

7.480 

12.500 

9.280 

3.100 

0.088 

0.064 

0.078 

11.151? 

0.061 

48.778 
4.970 
7.900 
0.111 


The  Brandon  mine. — The  town  of  Brandon  is  on  the  Centrat 
Vermont  Railroad,  in  Otter  Creek  valley,  Rutland  county^ 
Vermont.  Manganese  and  iron  have  been  found  two  and  a 
half  miles  northeast  of  the  town  in  a  small  tributary  to  the  main 
valley.  According  to  Dr.  D.  W.  Prime,  of  Brandon,  iron  waa 
mined  here  about  seventy-five  years  ago,  and  has  been  worked  to 
a  greater  or  less  extent  at  intervals  since  that  time.  Part  of  the 
ore  was  used  in  making  pig-iron  at  Brandon  and  at  other  furnacea 
in  the  surrounding  country,  and  part  was  sent  to  New  York^ 


•  Mineral  Reaonrcefl  of  the  United  States,  1888,  p.  182. 
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Boston,  and  other  places  as  a  source  of  paint.  lo  later  jears, 
however,  the  iron  ores  of  Penosylvania  have  replaced  it  in  the 
paint  market.  The  manganese  ores  were  not  worked  antil 
shortly  before  1860,  and  have  been  mined  only  at  intervals  since 
then.  In  1889  and  1890,  the  deposit  was  worked  by  Carnegie 
Brothers  and  Company,  but  no  work  is  being  done  at  this 
locality  at.  present  (December,  1890),  and  the  old  pits  have  mostly 
caved  in,  making  it  difficult  to  see  much  of  the  nature  of  the 
deposit. 

The  iron  ore  is  a  brown  hematite  and  is  found  in  far  larger 
quantities  than  the  manganese.  The  latter  occurs  in  the  form  of 
nodules  and  irregular  masses  from  a  fraction  of  an  inch  to 
twelve  inches  or  more  in  diameter.  The  characteristic  form, 
however,  is  that  of  small  kidney-shaped  masses,  an  inch  or  more 
in  diameter,  of  a  massive  structure  and  a  steel-blue  or  black 
color.  The  larger  masses  occasionally  contain  cavities  lined  with 
crystalline  ore,  mostly  pyrolusite.  Sometimes  the  ore  shows  a 
concretionary  structure;  at  other  times  it  is  soft,  and  earthy, 
containing  numerous  grains  of  transparent,  angular  and  rounded 
sand. 

The  iron  and  manganese  ores  occur  in  a  brown  or  white 
clay,  in  the  form  of  pockets  or  scattered  masses  more  or  (ess 
closely  compacted.  At  times  both  ores  are  in  one  pocket,  at 
others  they  are  separate.  The  deposit  occupies  the  bottom  of 
the  valley  in  which  it  is  situated.  Go  the  east  side  the  Cambrian 
quartzite,  occasionally  containing  micaceous  strata,  forms  a 
rugged  north  and  south  ridge,  and  strikes  in  the  same  general 
direction,  dipping  almost  vertically.  On  the  west  are  the  <iver- 
lying  white  dolomitic  limestones  and  marbles  of  Otter  Creek 
valley,  striking  in  a   general  direction  parallel  to  the  quartzite. 

In  sinking  on  the  ore-bearing  deposit,  the  dolomite  is  said 
to  have  been  reached  on  the  west  side,  while,  to  the  depth  that 
was  reached  on  the  east  side,  no  rock  was  found  in  place,  but 
quartzite  would  probably  have  been  reached  at  a  greater  or  less 
distance  in  that  direction.  The  clay  deposit  is  covered  over  by 
>from  three  to  twenty  feet  of  gravel  and  boulders,  so  that  its 


THE  MANGANESE  DEPOSITS  OF  THE  APPALACHIAN  REGION.        897 

exact  extent  cannot  be  seen,  but  it  probably  underlies  the  valley 
for  a  breadth  of  several  hundred  yards. 

Lignite  has  been  found  in  the  same  locality  in  a  clay  similar 
to  that  containing  the  iron  and  manganese  ores,  and  has  been, 
mined  and  shipped  to  New  York.  Well  preserved  fossil  plants 
and  fruits  occur  in  the  lignite  and  were  early  determined  as^ 
Tertiary,  probably  Pliocene,  by  Profes3or  E.  Hitchcock.*  Speci- 
mens afterwards  examined  by  Professor  Leo  Lesquereux  were^ 
determined  by  him  also  as  belonging  probably  to  the  Upper 
Tertiary.f 

The  rocks  on  either  sides  of  the  valley  are  very  much  like 
the  rocks  on  either  side  of  the  ore-bearing  deposit  of   South. 
Wallingford,  which  is  undoubtedly  in  Paleozoic  rock  decomposed 
in  place,  and  not  a  later  deposit  in  Tertiary  strata.     Hence  it 
seems  most  probable  that  the  deposit  of  Brandon  has  been  derived, 
from  a  deposit  similar  to  that  at  South  Wallingford,  which  pos- 
sibly underlies  the  Tertiary  beds;  that  the  materials  have  been 
more  or  less  changed  in  position,  mixed  with  foreign  matter^^ 
especially  the   vegetable  matter  forming  the  lignite  beds,  and 
laid  down  again ;  that  this  alteration  process  was  not  confined  to 
Tertiary  times,  but  that  it  may  also  have  gone  on  before,  during^ 
and  after  that  period. 

Iron  and  lignite  deposits  have  been  found  in  positions  some- 
what similar  to  that  of  Brandon  in  several  places  in  Pennsyl- 
vania, and  have  been  described  by  Professor  J.  P.  Lesley!  at 
Pond  Bank  near  Chambersburg ;  by  Frederick  Prime,  jr.,  §  at 
Brown's  iron  mine,  Ironton,  Lehigh  county;  and  by  H.  C.  Lewis  \\ 
at  and  near  Marble  Hall  in  Montgomery  county.  It  was  formerly 
a  matter  of  very  considerable  discussion  whether  these  deposits 
represent  simply  local  Tertiary  areas  or  whether  the  whole  iron 
bearing  belt,  running  through   the   Appalachian  Valley  fronv 

*  Geologj  of  Vermont,  1861,  p.  717;  Amer.  Joar.  Sci.,  2Qd  series,  Vol.  XV.,  1858,  p.  104.. 

t  Amer.  Joar.  Sc'.,  2Dd  series,  Vol.  XXXII.,  1861,  p.  362-868. 

X  Proc.  Amer.  Pliilos.  Soc.,  Vol.  IX.,  p.  468. 

'i  Second  Geol.  Surrey  of  Penna.,  Report  DD.,  p.  76. 

I  Proc.  Acad.  Nst.  Sci.  Phila.,  October  27, 1879. 
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Vermont  to  Alabama^  represents  the  same  horizon.  Hitcheock^* 
in  1861,  was  the  first  to  propose  the  theory  that  the  whole  belt 
represented  a  Tertiary  deposit,  and  this  theory  is  advocated  by 
Xiewis.  Professor  Lesley  and  others  believe  that  there  are 
isolated  areas  of  Tertiary  deposits,  but  that  elsewhere  the  iron 
x)re  represents  simply  the  weathered  outcrop  of  a  Paleozoic  deposit, 
possibly  more  or  less  altered  in  structure  on  the  surface.  Later 
investigations  have  still  further  strengthiBned  this  supposition, 
and  the  experience  of  the  writer  in  the  manganese  deposits  in 
the  same  belt  of  country  is  entirely  in  accord  with  it. 

The  first  analysis  below,  made  by  Prof.  Olmsted,  represents 
the  composition  of  a  specimen  of  ore  from  the  Brandon  mine ; 
but  it  must  have  been  a  selected  sample,  as  car-load  shipments  of 
ore  from  this  mine  would  not  contain  so  large  a  percentage  of 
manganese. 

Analysis  of  manganese  ore  from  Brandon,    VermonLf 

Red  oxide  of  mangaieae ^ 814t8 

lianganese ^ „ „..  2.S2 

Oxygen 2.74 

Silica 8.60 

Water ^ 9.75 

99.69 
Manganese 68.62 

The  following  two  analyses  represent  car-load  shipments  of 
manganiferous  iron  ore  from  Vermont,  from  either  Brandon  or 
South  Wallingford: 

Analyses   of  manganiferous  iron  ore  from    Vermont^X 

(1)         (2) 
Manganese 20.S69       19.706 

Iron 31.648  29.268 

Silica 12.770  14.000 

Phosphoras 0.126  0.146 

Moisture.. 6.000  8.000 

♦  Geolofj  of  Vermont. 

t  Prof.  Olmsted,  Oeologj  of  Vermont,  1861,  p.  811. 

X  These  analyses  were  kindly  furnished  the  Surrey  by  Mr.  H.  M.  Curry,  ef  the  firm  of 
<}Rroegie  Bros,  and  Ce. 
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Other  localities  in  Vermont. — Besides  tbe  places  already  de- 
^cribedy  manganese  has  been  found  in  greater  or  less  quantities 
in  many  other  parts  of  Vermont,  not  only  in  the  Otter  Creek 
Yalley  but  elsewhere,  and  at  some  of  them  it  has  been  worked. 
At  most  of  them,  however,  it  is  in  small  quantities.  Among  the 
localities  mentioned  in  the  Geology  of  Vermont  are:  Benning- 
ton and  Stamford  in  Bennington  county ;  Pittsford  and  Chit- 
tenden in  Rutland  county;  Plymouth  in  Windsor  county; 
Topsham  in  Orange  county ;  Bristol  and  Monkton  in  Addison 
<;ounty;  Colchester  in  Chittenden  county;  Irasburg  and  Cov- 
^entry  in  Orleans  county. 

At  Bennington  the  ore  is  said  to  have  been  used  to  give  a 
gray  color  or  a  clouded  shade  to  pottery.* 

THE  MANGANESE  DEPOSITS  OF   NEW  YOBK. 

Manganese  has  been  found  in  many  places  in  the  state  of 
^ew  York,  but,  so  far  as  known,  it  is  in  small  quantities,  and  it 
has  not  been  mined  to  any  important  extent.  Ores  intheformsf 
of  wad  or  of  other  oxides  in  a  more  or  less  pure  condition,  have 
been  found  in  Cattaraugus,  Allegany,  Lewis,  Essex,  Columbia 
Orange,  and  other  counties.  Near  Sing  Sing,  in  Westchester 
<;ounty,  a  compact,  black  oxide  of  manganese  containing  small 
quantities  of  copper,  occurs  in  dolomite.  Oxide  of  manganese 
occurs  in  nests  and  geodes  in  the  hematites  of  Unionvale,  Dutchess 
t^ounty ;  and  silicate  of  manganese  is  found  with  the  magnetic 
iron  ores  of  the  primitive  rocks  in  Essex  and  Warren  counties.]: 
Babingtonite,  a  silicate  of  iron,  manganese,  and  lime,  with  a 
small  quantity  of  titanium,  is  found  at  Gouverneur,  in  St.  Law- 
rence county.     It  resembles  some  forms  of  pyroxene. 

THE   MANGANESE  DEPOSFIS   OF  PENNSYLVANIA. 

In  Pennsylvania  manganese  is  found  in  small  quantities  in 
pockets  in  many  of  the  iron  ore  beds,  and  a  limited  amount  has 
been  mined  in  working  the  latter  ore,  but  the  production  of 
manganese  has  played  no  important  part  in  the  industries  of  the 

*  G«olog7  of  Vermont,  1861,  p.  811. 

tUwisS.  B«ck,Nat.  HiBt.  of  Ntw  York»  Pt.  III.,  Mineralogj,  1842,  pp.  58-54. 
X  Ibid,  pp.  406-407. 
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state.  The  ore  has  been  worked  at  only  a  few  places ;  amoDg^ 
others  at  Ironton,  in  Lehigh  county.  Manganese  also  occurs  in 
small  quantities  with  some  of  the  iron  ores  of  NorthamptoD^ 
Berks,  Blair^  Centre,  and  Huntingdon  counties,  and  eHpecially 
at  several  places  on  Broad  Mountain.  Manganiferous  iron  ore 
is  found  near  Myer's  Mill  in  York  county.* 

The  spathic  iron  ores  found  in  the  Carboniferous  rocks  often 
contain  small  quantities  of  manganese,  varying  from  less  than  0.50 
per  cent  to  4.5  per  cent  of  carbonate  of  manganese,  equal  to 
from  0.23  to  2.15  per  cent  of  metallic  manganese,  f 

Earthy  ferruginous  oxides  of  manganese  and  carbonate  of 
manganese,  as  well  as  manganiferous  garnets  have  been  fonnd 
three  miles  south  of  West  Chester;  and  black  oxide  of  man- 
ganese occurs  in  very  small  quantities  in  gneissic  rocks  on 
Pennypack  Creek,  at  the  mouth  of  Sandy  Run,  three  miles  from 
Bustleton.  X 

The  following  analysis  by  Andrew  S.  McCreath  shows  the 
composition  of  manganese  ore  from  the  land  of  the  Ironton 
Railroad  Company,  Ironton,  Penn.: 

Analysis  of  manganese  ore  from  Lehigh  county y  Penn.^ 

Manganese  peroxide 77.960 

Manganese  protoxide 4.320 

Ferric  oxide 8.660 

Alumina ^  0.711 

Cobalt  oxide 0.S90 

Nickel  oxide trace 

Copper  oxide trace 

Lime 0.770 

Baryta 0.152 

Magnesia 0.'236 

Potash 8.042 

Soda 0.868 

Water 3.980 

Sulphuric  add trace 

Phosphoric  acid 0.149 

Silica 4.845 

100.588 

Manganese 52.681 

Iron 2.562 

Phosphorus 0.068 

*  Mineral  Beaourci'B  of  the  United  SUtes,  1885,  pp.  342-843. 

i  H.  D.  Rogers,  Geology  of  Penn.,  1868,   Vol.  I].,  p.  739.      Andrew  S.  MoCreatb^ 
Chemical  Analjrsea,  Second  Geol.  Surrey  of  Penn.,  1879,  Vol.  M.  M.,  pp.  159-184. 

X  Geo.  W.  Carpenter,  Amer.  Jour.  Sci.,  Ist  series.  Vol.  XIV.,  1828,  pp.  4,  IS. 
i  Andrew  8.  HcCrMtb,  Second  Qcol.  Surrey  Penn.,  1879,  Vol.  M.  M.,  p.  218. 
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The  following  analyges  show  the  cooiposition  of  manganese 
ores  from  Lehigh  and  York  counties.  No.  1  was  made  b^ 
Henry  Pemberton,  jr,,  No.  3  by  Andrew  S.  McCreath  : 

Analyses  of  manganese  ores  from   Lehigh  and   York    counties^ 

Pennsylvania.  * 


C0NSTITUE»T8. 


(0 

Lehigh 
county. 


(2) 

Iron  ton, 

Lehigh 

county. 


(8) 

Myer*8  Mill 

York 

county. 


Manganese 

Iron 

Insoluble  residue,  silica,  etc. 

Phosphorus 

Sulphur' 


56.580 


Trace 


17.648 

26.400 

21.860 

0.095 

0.010 


15.934 
82.400 


0.651 
0.027 


THE  MANGANESE  DEPOSITS   OF  MARYLAND. 

Manganese  has  been  mined  in  small  quantities  in  several 
places  in  Maryland,  but  at  present  no  work  is  being  done 
Among  the  localities  that  have  been  operated  are  Brookeville  in 
Montgomery  county ;  and  on  the  north  side  of  the  Potomao 
River,  opposite  Harper's  Ferry ,t  Manganese  has  also  been  found 
near  Mechanicsville,  X  Montgomery  county,  and  on  Bear 
Creek,  Yohogany  Valley,  §  but  the  quantity  has  so  far  proved 
small. 

THE  MANGANESE   DEPOSITS  OF   VIRGINIA. — Location  and 

general  features. 

The  principal  manganese  deposits  of  Virginia  are  in  the 
Valley  of  Virginia.  The  quartzite  ||  with  which  the  deposits 
are  associated  skirts  the  northwestern  flanks  of  the  Blue  Ridge 
in  a  series  of  irregular  mountains  and  hills ;  and  forms  the  eastern 
barrier  of  the  Valley  of  Virginia  in  many  places  through  the  state. 
It  reaches  to  the  base  of  the  mountains  and  at  times  underlies 


p.  20. 


*  Mineral  Resources  of  the  United  Slates,  1885,  p.  843. 
t  Mineral  Resources  of  the  United  States,  1885,  p.  344. 
XJ.  T.  Ducatel  and  John  H.  Alexander,  Amer.  Jour.  Sci.,  Ist  series,  Vol.  XXVII.,  1835^ 

§  Ibid.,  p.  83. 

I  See  pages  876  to  380. 

26  Geologioal,  Vol.  1.,  1890. 
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some  of  the  lower  country.  Here  it  comes  into  contact  with  the 
'Walley  limestone"  of  Rogers,  and  it  is  at  and  near  the  contact 
of  the  two  formations  that  the  manganese  ores  have  been  found, 
often  associated  with  far  greater  quantities  of  brown  hematite. 
Manganese  ores  are  also  found  to  the  west  of  the  Valfey  of 
Virginia,  in  the  New  River  and  Cripple  Creek  region  and  else- 
where; also  in  the  James  River  valley,  and  in  the  coastal  area 
of  the  state. 

THE  MANGANESE  DEPOSITS  OF  VIRGINIA. —  Valley  of    Virginia. 

The  Crimora  mine, —  The  Crimora  mine  is  situated  in 
Augusta  county,  Virginia,  in  the  valley  of  the  Shenandoah 
River,  seven  miles  northeast  of  thetownof  Waynesborough,  It 
is  two  miles  east  of  the  river  and  at  the  foot  of  the  northwestern 
slope  of  the  Blue  Ridge.  It  is  connected  with  the  Shenandoah 
Valley  Railroad  at  Crimora  station  by  a  branch  line. 

The  Crimora  mine  was  originally  owned  by  Mr.  Flannigan, 
of  Charlottesville,  and  was  bought  in   1867  by  a  stock  company. 
This  company  operated  for  two  years,  and  then  abandoned  work. 
From  1869  until  1882  the  property  was  worked  at  intervals  by 
Mr.  8.  W.  Donald  in  the  interest   of   the  former  company,  but 
in  the  latter  year  it  was    leased  by  James  B.    White  and  Com- 
pany, of  Pittsburg,  who  commenced  extensive  operations.*     It  is 
now  operated  by   the  American    Manganese   Company.      The 
property  has  produced  more  manganese  ore  than  any  other  mine 
in  the  United  States,  and  its  output   has  comprisad    by  far  the 
larger  part  of  the  whole  product   of  the  state  of  Virginia.     In 
1885  it  gave  three-quarters  of  the  product  of  the  United  States, 
and  in  1886  it  yielded  94  per  cent  of  the  manganese  ore  mined 
in  Virginia,  and  64  per  cent  of  that  mined  in  the  United  States. 
In  1887  it  yielded  96  per  cent  of  the  production  of  Virginia  and 
55  of  that  of  the  United  States;  in  1888  it  yielded  91  per  cent  of 
the  production  of  Virginia  and  55   per  cent  of  that  of  the  United 
States.    Formerly  the  ore  was  known  as  the  "Waynesborough 
ore'^  from  its  point  of  shipment  at  that  town.     It  is  now  know  as 
**Crimora  ore." 


«  Mineral  Kesouroes  of  the  United  Slates,  1883-1,  p.  551. 
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The  following  table  shows  the  production  of  manganese 
from  this  mine  since  it  was  first  opened  ap  to  1888 :  * 

Production  of  the  Crimora  mine^    Virginia. 

LoDg  tons. 
Prior  to  1M9 ^ 5,684 

May,  1869,  to  February,  1876 „  280 

February,  1876,  to  December,  1878 2,826 

December,  1878,  to  December,  1879 1,602 

1880 2,968 

1881 «^^ 2,496 

1882 1,652 

1883 5,186 

1884 8,804 

1885 ». 18,212 

1886 « 19,882 

1887 19,100 

1888 16,100 


Total  production  up  to  1888 103,785 

The  manganese  ore  of  the  Crimora  mine  occurs  mostly 
Bs  psilomelane  and  pyrolusite,  the  former  being  by  far  the 
more  plentiful.  Other  oxides  are  possibly  present  in  smaller 
quantities,  but  they  have  not  yet  been  identified.  The  psilome- 
lane is  in  the  form  of  botryoidal,  mammillary,  or  stalactitio 
masses  of  a  black  or  steel-blue  color ;  the  pyrolusite  is  of  a 
highly  developed  crystalline  structure,  and  forms  a  mass  of 
brilliant  black,  radiating  crystals.  Both  the  massive  and 
crystalline  ores  are  often  intimately  mixed.  The  masses  of  ore 
vary  from  small  nodules  a  fraction  of  an  inch  in  diameter  to 
large  bodies  of  many  tons  in  weight.      In  one  case,  a  solid  mass 

■ 

thirty  feet  long  and  five  feet  thick,  is  said  to  have  been  found. 
The  ore  is  imbedded  in  a  stiflF  clay,  generally  of  a  brown  or 
yellow  color,  but  sometimes  white  or  purplish-red.  This  clay 
is  overlain  by  a  bed  about  twenty  feet  thick  of  pebbly  drift,  in 
which  fragments  of  ore  are  sometimes  found.  The  manganese 
here,  however,  has  been  derived  from  the  underlying  deposit, 
and  it  is  the  latter  bed  that  contains  the  main  masses  of  ore. 
The  ore-bearing  clay  varies   in   thickness  from   ten  or   fifteen 

<■  Mineral  Resources  of  the  United  Statee,  1888,  p.  183. 


404  ANNUAL  BBPORT  STATE  OBOLOOI8T. 

feet  to  over  two  hundred  and  seventy-six  feet.  Several  boriDgs 
have  been  made  and  the  deepest  is  said  to  have  reached  the^ 
latter  depth  without  finding  the  bottom  of  the  clay.  In  the 
deeper  borings  the  bed  was  found  to  assume  a  shaly  structure^ 
which  was  probably  the  original  condition  of  the  whole  deposit 
as  explained  on  pages  386-386. 

The  manganese  exists  in  very  variable  quantities,  being  in 
some  places  almost  entirely  absent,  and  in  others  composing  a 
lurge  part  of  the  mass  of  the  bed.  Fragments  of  sandstone  and 
quartz  are  occasionally  found  in  the  clay.  The  latter  sometimes 
have  a  cherty  appearance,  are  angular,  partly  decayed  on  the 
outside,  and  are  often  cemented  together  by  manganese  ore*. 
These  siliceous  rocks  probably  represent  the  undecomposed 
remains  of  the  original  solid  bed.    (See  page  387.) 

The  Crimora  property  is  situated  at  the  base  of  a  recess  in 
the  mountains  which  to  the  north,  south,  and  east,  rise  up  ab« 
ruptly,  reaching  a  height  on  the  east  of  some  fifteen  hundred  feet 
above  the  Shenandoah  River.  To  the  west  a  low  country  ex- 
tends from  the  mine  to  the  river.  The  mountains  are  composed 
of  sandstone  or  quartzite  which  varies  from  a  comparatively  soft 
to  very  hard  translucent  rock. 

Across  the  mouth  of  the  recess  in  which  the  property 
is  situated,  the  clay  is  thin,  and  the  sandstone  is 
often  reached  within  a  depth  of  a  few  feet.  In  towards  the 
mountains,  that  is  to  tbe  east,  it  becomes  gradually  thicker 
until  it  reaches  its  maximum  depth  of  over  two  hundred  and 
seventy-six  feet;  and  then  becomes  thin  again,  finally  running 
out  altogether  when  the  mountains  are  reached. 

The  manganese  ore  at  the  Crimora  mine  has  been  worked 
at  different  times  in  shafts  and  in  open  pits.  In  the  process  of 
mining,  the  ore  is  separated  from  the  clay  that  adheres  to  it  by 
first  passing  it  through  a  trough  in  which  a  shaft,  armed  with 
fianges  arranged  as  a  broken  helix,  revolves  longitudinally.  A 
stream  of  water  runs  through  the  trough,  and  the  flanges  force 
Ihe  ore  against  it,  finally  discharging  it  on  to  a  revolving  screen 
fed  by  a  stream  of  water.  The  first  screen  discharges  into  a 
second^  and  the  ore  is  passed  thence  on  to  an  apron-belt^  where- 
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the  loose  lumps  of  rook  and  clay  are  picked  out  and  the  clean  ore 
-carried  to  the  bins.  The  small  sized  ore  which  goes  through 
the  screens  is  further  washed  in  jigs. 

The  following  analyses  represent  the  composition  of  car-load 
shipments  of  manganese  ore  from  this  property. 

Analyses  of  manganese  ore  from  the  Crimora  mine,   Virginia.^ 

MaDganese 49.16  48.S3  60.54  48.16 

Iron 1.76  1.99  1.96  4.67 

Silica 9.80  10.20  10.12  10.80 

Phosphorus 0.103       0.096 

Moisture 6.00  8.00  8.00  8.00 

The  Lyndhurst  mine. — Lyndhurst  is  a  station  on  the  Shen- 
andoah Valley  Railroad,  in  Augusta  county,  about  twelve  miles 
isouthwest  of  Crimora.  Manganese  has  been  found  and  mined 
on  a  small  scale  two  and  a  half  mile«i  southeast  of  the  town. 
This  property  was  originally  opened  in  1869  by  Mr.  Sibert,  who 
mined  over  two  hundred  and  fifty  tons  of  ore.f  In  1885,  the 
property  was  again  opened,  this  time  by  the  Virginia  Manganese 
Mining  Company.  They  have  since  suspended  work,  and  the 
property  is  now  (December,  1890)  idle. 

The  manganese  here  is  of  much  the  same  nature  and  occurs 
in  much  the  same  associations  as  at  Crimora,  though  it  is,  so  far 
as  the  deposit  has  been  explored,  in  much  smaller  quantities. 
The  same  range  of  sandstone  mountains  that  has  been  described 
pa<«ses  immediately  east  of  the  ore-bearing  bed,  which  underlies 
the  low  country  at  their  base.  The  deposit  extends  thence  west 
to  beyond  a  small  creek  which  passes  the  mountains  half  a  mile 
from  their  base,  and  is  a  tributary  of  the  South  River  fork  of  the 
Shenandoah  River.  Manganese  is  not  found  continuously 
throughout  this  area,  but  only  at  intervals,  occasionally  cropping 
out  in  the  soil  and  elsewhere  covered  by  barren  clay.  The  ore 
generally  consists  of  porous  bodies  composed  of  a  honeycombed 

*  Tbe8«  aDalj8«8  were  kiodly  furnished  the  Surrey  by  Mr.  H.  M.  Carry,  of  the  firm  o 
Oarnegie  Brothers  and  Company. 

t  Mineral  Resources  of  the  United  States,  1885,  p,  817. 
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mass  of  stalactitic  branches  from  a  sixteenth  to  an  eighth  of  an  incb 
in  thickness.  It  is  a  black,  iron-gray,  or  dark  steel-blue,  massive 
ore,  though  smaller  quantities  of  crystalline  pyrolusite  also  occar.. 

Fragments  of  sandstone  studded  with  small,  flat  nodules  oF 
ore,  as  well  as  masses  of  brecciated  sandstone  cemented  with 
manganese,  are  of  frequent  occurrence  in  the  ore-bearing  clay.. 
These  rocks  vary  from  a  few  inches  to  a  few  feet  in  diameter^ 
and  are  doubtless  the  remains  of  a  once  continuous  ore-bearing 
stratum,  carrying  ore  just  as  the  clay  now  carries  it.  On  the 
slope  of  the  mountain,  to  the  east  of  the  ore-bearing  deposit^ 
fragments  of  sandstone  are  found  with  cracks  filled  with  man- 
ganese ore.  They  are,  however,  of  only  local  occurrence  and  da 
not  represpnt  any  extensive  deposit. 

The  BiLena  Viata  mines, — Buena  Vista  is  in  Rockbridge 
county,  on  the  Shenandoah  Valley  Railroad,  at  the  junction  with 
the  Lexington  branch  of  the  Chesapeake  and  Ohio  Railway.  It 
is  on  .the  northwestern  slope  of  th%  main  range  of  the  Blue 
Ridge  and  to  the  east  of  the  North  River,  a  branch  of  the 
James  River.  It  is  a  new  town,  laid  out  by  the  Buena  Vista 
Company  near  the  old  site  of  Loch  Laird,  with  the  object  of 
developing  the  iron  ores  of  that  neighborhood. 

The  manganese  generally  exists  as  irregular  bodies  in  asso- 
ciation with  brown  hematite,  though  sometimes  it  is  found  alone^ 
The  iron  ore  varies  from  a  loose,  porous  variety  to  a  compact^, 
massive,  brown  ore.  The  manganese  occurs  in  both  the  massive 
and  crystalline  conditions,  the  former  being  in  the  preponderance*. 
Both  the  iron  and  manganese  are  found  as  interbedded  deposita 
in  clay,  in  association  with  shale,  limestone,  and  quartzite.     / 

The  rocks  are  much  disturbed  and  frequently  stand  on  end^ 
or  are  arched  into  small  anticlinal  ridges.  The  clay  beds  form  in^ 
terstratified  deposits  with  these  rocks,  and  dip  and  strike  conform-^ 
ably  with  them.  They  doubtless  represent  the  residual  product 
of  the  decay,  in  situ,  of  the  rock  which  once  carried  the  ores. 

The  hematite  occurs  just  east  of  the  towu,  in  pockets  and 
beds  varying  from  six  feet  to  many  times  that  in  thickness* 
It  frequently  contains  minor  pockets  or  lenticular  layers  of  the 
same  brown  or  yellow  clay  which  encloses  it  on  either  side.     The 
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manganese  is  found  in  variable  quantities:  in  some  places 
it  exists  as  pockets  in  the  brown  hematite  or  the  associated  clay^ 
in  others  as  interbedded  layers,  very  irregular  in  form  and 
extent,  and  varying  from  a  few  inches  to  two  or  three  feet  in 
thickness.  It  does  not  appear  to  be  confined  to  any  one  position 
in  the  iron  ore  beds,  and  it  often  differs  considerably  from  that 
ore  in  its  greater  tendency  to  a  nodular  or  concretionary  form. 

Besides  the  manganese  found  in  the  hematite  beds,  the  same 
ore  occurs  separately  on  the  land  of  Peter  Matthews,  near 
Buena  Vista.  It  is  found  in  clay  overlying  a  small  sandstone 
hill,  and  is  in  kidney-shaped  masses,  from  an  inch  to  a  foot  or 
more  in  diameter,  of  an  iron-gray  to  a  black  color,  with  a 
marked  concentric  structure.  It  is  mostly  massive,  though  some 
crystalline  ore  is  also  found. 

The  Houston  mines. — The  Houston  mines  are  situated  in 
Botetourt  county,  Virginia,  on  the  Shenandoah  Valley  Railroad^ 
fifteen  miles  northeast  of  Roanoke.  Like  the  other  properties 
already  mentioned,  they  lie  on  the  western  slope  of  the  Blue 
Ridge,  but  higher  up  on  the  mountains  than  either  Crimora  or 
Lyndhurst.  This  property  was  worked  for  many  years  as  a 
source  of  manganiferous  iron  ore,  though  limited  quantities  of 
manganese  were  also  'mined.  Lately  the  property  has  been 
acquired  by  J.  B.  White  and  Company,  and  attention  is  being 
paid  to  the  purely  manganese  ores. 

In  1888,  985  tons  were  mined,  of  which  amount  100  tons 
were  high  grade  aud  were  used  for  chemical  purposes,  and  the  re- 
maining 885  tons  were  shipped  to  Carnegie  Brothers  and  Comp- 
any for  steel  purposes.  * 

The  manganese  ore  is  of  both  the  massive  and  crystalline 
varieties,  the  latter  often  being  pyrolusite,  and  is  associated  with 
brown  hematite  in  different  ways :  it  is  often  disseminated 
through  the  iron  ore,  or  encrusts  it  as  a  massive  or  crystalline 
coating;  while  elsewhere  comparatively  pure  bodies  of  one  ore 
are  in  proximity  to  similar  bodies  of  the  other.  Both  the 
manganese  aud  iron  occur  in  a  more  or  less  sandy  clay  which  is 
often  brilliantly  mottled,  white,  yellow,  or  dun,  to  brown,  red  and 

<■  Mineral  Resources  of  United  States,  1888,  p.  133. 
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purple.  The  ore  is  uneijually  distributed  throughout  it  in 
nodules  and  pockets.  The  clay  bed  has  been  worked  to  a  depth 
of  over  a  hundred  feet  without  reaching  the  bottom. 
Frequently  masses  of  sandstone  and  quartzite  are  found  in  it, 
containing  layers  and  nodules  of  iron  and  manganese  ores.  These 
fragments  are  often  several  feet  in  diameter,  and  doubtless 
represent  a  former  solid  bed  of  ore-bearing  rock,  which  by  its 
decay  has  given  rise  to  the  present  ore-bearing  clay.  The  ore- 
bearing  deposit  lies  on  the  slope  of  a  sandstone  mouutain,  and 
nodules  of  manganese  are  frequently  seen  in  the  solid  rock  near 
the  contact  with  the  ore  bed. 

Other  localities  in  the  Valley  of  Virginia  and  in  the  coun- 
try immediately  to  the  west. — Besides  the  deposits  already  de- 
scribed, numerous  others  occur  elsewhere  in  the  Valley  of 
Virginia  and  the  country  immediately  to  the  west.  Most  of 
these  have  been  worked  to  only  a  limited  extent  and  the  quantity 
of  manganese  shipped  from  them  has  been  small.  Some  of  them 
occur  in  association  with  quartzites  or  sandstones  like  those  in 
the  localities  already  described,  while  others  occur  in  shales  and 
limestones  belonging  probably  higher  up,  geologically,  in  the 
Silurian  system.  The  folluwing  list  includes  the  larger  number  of 
such  localities,  and  the  statistics  of  production  given  in  it  are 
taken  mostly  from  the  papers  of  Mr.  Jos.  D.  Weeks  in  the 
annual  reports  of  the  Mineral  Resources  of  the  United  States 
from  1885  to  1888  : 

The  Paddy  Mills  mine. — The  Paddy  Mills  mine  is  in 
Frederick  county,  Virginia,  and  was  worked  before  1861. 

The  Van  Buren  furnace. — The  Van  Buren  furnace  is  in 
Shenandoah  county,  aine  miles  from  Woodstock,  the  nearest 
railway  station.  Manganese  is  said  to  have  been  shipped  before 
1861,  but  none  has  been  mined  since  1873.  Operations  are  said 
to  have  been  suspended  on  account  of  lack  of  transportion  facil- 
ities. 

The  Powell's  Fort  mine. — The  Powell's  Fort  mine  is  situ- 
ated at  Powells  Fort,  Shenandoah  county.  It  has  been  worked 
on  a  small  scale  intermittently  for  many  years,  and  a  thousand 
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tons  of  ore  are  said  to  have   been  shipped   up  to   1885.     It  is 
t)wned  by  the  Manganese  and  Iron  Company  of  Baltimore. 

Milnes  station. — Milnes  station  is  on  the  Shenandoah  Val- 
ley Railroad,  in  Page  county.  Manganese  associated  with 
brown  hematite  has  been  mined  in  the  neighborhood  on  the  land 
of  the  Shenandoah  Iron  Company.  The  shipments  in  1884  and 
1885  are  said  to  have  been  208  tons  and  2,165  tons  respectively. 

The  Patrick  tract. — ^The  Patrick  tract  is  near  the  Crimora 
mine  in  Augusta  county^  and  has  been  worked  by  the  Old  Do- 
minion Manganese  Company. 

The  Kennedy  tract. — The  Kennedy  tract  is  in  Augusta 
county^  on  the  Shenandoah  Valley  Railroad.  The  ore  occurs 
here  as  pure,  manganese  ore  and  manganiferous  iron  ore.  In 
1859  Mr.  Sibert  is  said  to  have  mined  100  tons  of  manganese 
ore  on  this  property. 

Blue  bank,  Newton  bank,  Kelly  bank,  etc. — These  proper- 
ties and  several  others  are  situated  in  the  Valley  of  Virginia  at 
or  near  the  line  of  Augusta  and  Rockbridge  counties.  Man- 
ganese is  found  on  them  in  connection  with  brown  hematite  and 
manganiferous  iron  ore.  They  have  all  been  worked  to  a  greater 
or  less  extent,  generally  in  search  for  iron  ore,  though  small 
quantities  of  manganese  ore  have  also  been  mined. 

Midvale. — At  Midvale  in  Rockbridge  county,  the  Midvale 
Manganese  Company  mined  250  tons  of  manganese  ore  in  1887. 

Wythe  county. — Manganese  ores  have  been  found  near 
Wytheville  in  Wythe  county,  and  about  300  tons  are  said  to 
have  been  mined  in  1887. 

Besides  the  above  mentioned  localities  manganese  has  been 
found  in  many  other  places,  but  very  little  mining  has  been 
done  on  them.  Among  them  are:  near  Harper's  Ferry  in  Jef- 
ferson county  ;  the  Paddy  Mill's  mine  in  Page  county;  Overall 
in  Warren  county;  Marksville  in  Page  county;  Elkton  and 
the  Guy's  Run  estate  in  Rockbridge  county;  Gap  Mount* 
mn  in  Craig  county ;  the  Buckeye  and  Spruce  River  Mountains, 
Fiat  Top  Mountain,  and  elsewhere  in  Giles  county ;  Pulaski, 
Bland,  Tazewell,  Smythe,  and  other  counties. 
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THE  MANGANESE  DEPOSITS  OF  VIRGINIA. — New  Rivcr  and  Qripple- 

Creek  region. 

Besides  the  deposits  already  meotioned,  numerous  othera 
have  been  fouud  along  the  line  of  the  Cripple  Creek  extension, 
of  the  Norfolk  and  Western  Railroad.  They  have  been  de* 
scribed  and  analyses  have  been  given  by  Messrs.  McCreath  and 
d'Invilliers.*  The  ores  have  been  mined  to  a  small  extent,  but 
generally,  as  in  many  other  parts  of  Virginia,  in  connection  with^ 
and  subordinate  to  work  on  the  iron  ore  deposits  with  which 
they  are  usually  associated. 

THE  MANGANESE  DEPOSITS  OF  VIRGINIA. — James  RivcT  Valley,^ 
General  features. — The  James  River  rises  in  the  mouotainoua 
region  of  West  Virginia,  and  cuts  directly  across  the  northeast 
and  southwest  ranges  of  mountains,  intersecting  the  Valley  of 
Virginia  south  of  Lexington,  and  passing  through  the  Blue  Ridge 
at  Balcony  Falls.  Theuce  it  pursues  a  southeasterly  course^ 
to  Lynchburg,  where  it  turns  sharply  to  the  northeast,  and  fol- 
lows the  direction  of  the  mountains  to  the  southern  part  of  Al* 
bemarle  county,  and  here  it  again  reverts  to  its  former  course- 
and  continues  to  the  sea. 

The  manganese- bearing  sandstone  or  quartzite  has  been   re- 
ported in  several  places  in  the  region  of  the  northeast  bend  of  the- 
river  below  Lynchburg,  especially  in  Campbell,  Nelson,  and  Al- 
bemarle counties.     Mr.  James  E.  Mills,  who   was  the   first   to 
operate  manganese  in  the  James  River  region,  after  speaking  of 
the  sandstone  in  the  Valley  of  Virginia,  saystf     "Another  out^ 
crop,  or  series  of  outcrops  which  I  have  not  seen  reported  hereto- 
fore, lies  nearly  parallel  to  the  former  and  from  20  to    25    milesi. 
distant  in  a  southeasterly  direction.     It  follows  near  the  James 
River  where  the  latter  flows  in  the  general  northeast  course  of  the- 
geological  structure  of  the  country,  from  near  its  great   bend  in 
Campbell  Co.  a   few    miles  below  Lynchburg,  to  where  it  turna 
eastward    near    the  dividing   line   of   Nelson    and   Albemarle 
counties.     I  have  traced  it  for  several  miles  to  the  southwest    of 

*  Andrews.  McCreath  and  E.  V.  d' InTilliers,  The  New  River-Cripple  Creek  MiDerab 
Region  of  Virginia,  issued  by  the  Norfolk  and  Western  Railroad,  1887. 
t  American  Chemist,  August,  1871 ,  pp.  49*60. 


THE  MANGANESE  DEPOSITS  OF  THE  APPALACHIAN  REGION.         411 

the  bend  of  the  river  in  Campbell  Co.  and  it  is  reported  as 
existing  still  further  in  that  direction.'^  Several  mangaDese 
openings  have  been  made  in  this  region,  among  the  most  impor- 
tant of  which,  as  regards  the  amount  of  ore  shipped,  are  the 
Cabell,  Bagley,  and  Mt.  Athos  mines. 

The  Cabell  mine, — The  Cabell  mine  is  in  Nelson  county,  two- 
miles  from  the  James  River  at  Warminster.  It  was  opened  by 
Mr.  J.  E.  Mills  about  1867  or  1868,  and  represented  the  first: 
.  systematic  work  in  manganese  mining  in  Virginia.  Up  to  1871,. 
4,500  tons  of  ore  were  shipped.  The  property  is  not  being 
worked  at  present.  The  ore  occurs  in  the  solid  rock  and  not  io 
the  residual  clay  as  in  most  localities.  Mr.  Mills,^  in  speaking 
of  the  occurrence  of  the  manganese  here,  says :  "  The  beds  of 
manganese  form  irregular  patches  of  strata,  lying  on  the  whole^ 
nearly  in  the  planes  of  stratification,  but  often  cutting  across  the 
strata  for  short  distances ;  sometimes  dividing  into  two  or  more 
parts,  one  turning  to  the  right  and  one  to  the  left,  and  sometime» 
sending  ofi"  shoots  into  the  sandstone.  The  thickness  too  varie» 
exceedingly ;  I  have  seen  beds  bulge  in  two  or  three  instances  to 
ten  feet  thick.'^  This  deposit  is  of  especial  interest  as  showing 
the  manganese  in  place  in  the  original  rock. 

The  following  analysis  by  Mr,  John  Pattinson,  of  New- 
castle,  England,  represents  the  composition  of  a  cargo  of  18& 
tons   of  ore  shipped  there  from    this  property  by  Mr.  Mills :  f 

Analysis  of  manganese  ore  from  the  Cabell  mine^  Virginia. 

Manganese  peroxide.^ 65.20 

Manganese  protoxide ^   4.75 

Ferric  oxide „ «.20 

Alumina 8.93 

Idme 1.43 

Magnesia.. 0.41 

Water  (combined). 3.02  « 

Phosphoric  acid 0.42 

Sulphuric  acid 0.80 

Silica. 14.20 


99.86 


Manganese 44.87 

Iron ^ 4.84 

Phosphorus 0.18 


<■  American  Chemist,  August,  1871,  p.  50 
t  Ibid.,  p.  61. 
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The  Bagley  mine. — The  Bagley  mine  is  half  a  mile  southwest 
of  the  Cabell  minei  and  the  ore,  according  to  Mr.  Mills,  occurs 
in  the  same  associations.  About  two  thousand  tons  of  ore*  .are 
said  to  have  been  shipped  from  the  property. 

The  Mount  Athoamine. — Tne  Mount  Athos  mine,  also  known 
as  the  Leets  mine,  is  in  Campbell  county,  near  Mount  Athos 
station  on  the  Norfolk  and  Western  Riilroad.  The  manganese 
ore  is  said  to  occur  in  association  with  iron  ore  in  pockets  and 
as  "  buttons. " 

The  following  table  gives  the  production  of  the  Mount 
Athos  mine  from  1880  to  1888  inclusive  :t 

Production  of  the  Mount  Athos  mine,  Virginia. 

Tons. 
1880 104 

188l......„ 60 

1882 130 

1883 40 

1884 76 

1885 600 

1886 «.  191 

*  1887 ? 

1888 225 

Other  localities  in  the  James  River  valley. — Manganese  has 
'been  found  in  several  other  places  in  the  Piedmont  and  Midland 
regions  of  this  valley,  but  only  limited  quantities  have  been 
mined.  Among  these  localities  are :  The  Bishop  mine^  near 
the  Mount  Athos  mine  just  described;  the  Simpson  tract  at 
Midway  Mills,  Nelson  county;  the  Davis  mine,  Nelson  county  ; 
Pittsylvania,  Spottsylvania,  Louisa,  Appomattox,  and  other 
counties. 

THE    MANGANEJ5E   DEPOSITS   OF    VIRGINIA. —  Ths  COOStal  region. 

City  Point. — City  Point  is  in  the  coastal  area  of  Virginia, 
in  Prince  George  county,  on  the  lower  waters  of  the  James 
River.  Manganese  is  said  to  have  been  found  near  here  in 
association    with   brown    hematite   in   Tertiary    beds.     Several 

hundred  tons  of  ore  were  mined,  t 

^ • \ _^^ 

^  Mineral  Resources  of  the  United  States,  1885,  p.  312. 
t  Ibid.,  1885,  1886,  1888. 
t  Ibid.,  1885,  p.  809. 
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THE  MANGANESE   DEPOSITS  OF  NOBTH   CAROLINA. 

Manganese  has  been  found  in  several  places  in  the  western 
part  of  North  Carolina^  bat  most  of  the  deposits  are  small,  and 
only  limited  quantities  of  ore  have  been  shipped  from  any  of 
them.  The  ore  is  in  some  places  in  the  form  of  oxides  associated 
with  quartzite,  as  in  the  Valley  of  Virginia;  in  others  it  occurs, 
as  silicates  in  tht  crystalline  rocks.  As  elsewhere  in  the  Appa- 
lachian Mountains  it  is  frequently  mixed  with  iron  ores.  Among 
the  localities  where  it  is  reported  to  exist  are :  the  Perkins 
mine,  ten  miles  west  of  Lenoir,  and  also  at  a  locality  five  miles 
west  of  Lenoir^  Caldwell  county ;  ten  miles  north  of  Dobson^ 
Surry  county ;  half  a  mile  west  of  Blue  Ridge  Gap,  Mitchell 
county ;  at  Warm  Springs,  Madison  county ;  in  Ch^rokee,  Ca- 
tawba, liTash,  Cabarrus,  Jackson,  Stokes,  Chatham,  Gaston,  and 
other  counties. 

A  large  part  of  the  ores  in  the  counties  mentioned  are  in. 
the  form  of  silicate  of  manganese,  which  contains  too  much  silica 
to  be  available  as  a  source  of  manganese.  In  some  of  the  locali- 
ties, however,  the  oxides  of  manganese  occur,  and  are  available 
for  commercial  purposes  if  they  can  be  found  in  sufficiently  large 
quantities.  North  Carolina  produced  only  fourteen  tons  of 
manganese  ore  in  1887  *  and  fifty  tons  in  1888  f. 

THE   MANGANESE  DEPOSITS  OF  SOUTH   CAROLINA. 

What  has  been  said  of  the  manganese  ores  of  North  Caro- 
lina, is  also  true  of  th«se  of  South  Carolina,  except  that  in  the 
latter  state  smaller  quantities  have  been  found,  and  very  little 
ore  has  been  mined.  A  small  amount  is  said  to  have  been 
shipped  from  near  Greenville,  Greenville  county;  and  from 
the  Dorn  Lands,  near  McCormick  I ;  but  South  Carolina  cannot 
at  present  be  classed  as  a  maDganese-prodaciDg  region. 

The  following  analysis  shows  the  composition  of  a  sample 
of   South  Carolina  manganese  ore : 

«  Mineral  Resources  of  the  United  States,  1887,  p.  145. 
t  Ibid.,  1888,  p.  124! 
X  Ibid.,  1886,  p.  198. 
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Analysis  of  manganese  ore  from  South  Carolina.* 

Manganese 45.018 

Iron 2.750 

Silica 8.100 

Phosphorus » 0.085 

Moisture 9.000 

THE   MANGANESE   DEPOSITS   OF   EAST   TENNESSEE. 

General  features. — The  eastern  part  of  Tennessee  is  com- 
j)rised  in  the  main  range  of  the  Appalachian  Mountains,  and 
consists  of  a  series  of  northeast  and  southwest  ranges.  On  the 
the  east  of  the  Valley  of  Tennessee,  which  represents  the  south- 
'westerly  corftinuation  of  the  Valley  of  Virginia,  the  predomi- 
nating ranges  are  numerous  local  developments  of  the  Blue 
Ridge,  of  which  the  Unaka  and  Great  Smoky  Mountains,  with 
the  subordinate  Holston,  Iron,  Meadow  Creek,  Chilhowee,  and 
other  mountains,  are  among  the  important  features.  On  the 
west  of  the  valley  are  Clinch  Mountain  and  the  Cumberland 
Range. 

Very  little  manganese  ore  has  been  shipped  from  this 
region,  and  a  few  hundred  tons  would  probably  include  the 
whole  production.  Its  existence  in  many  places  has  been  known 
for  a  long  time,  and  it  is  said  to  have  been  mined  near  Whit- 
field, in  Hickman  county,  as  early  as  1837,  but  distance  from 
railway  transportation  has  doubtless  been  the  cause  of  the  lack 
of  attempts  to  mine  the  ore  in  other  places.  Most  of  the  discov- 
eries have  been  made  on  the  northwestern  flanks  of  the  Blue 
Bidge,  where  the  ore  is  usually  associated  with  brown  hematite 
in  quartzites  or  in  the  immediately  overlying  shales  and  lime- 
stones, as  already  explained  on  pages  385-388. 

The  rocks  are  all  much  disturbed  and  are   thrown  into  a 
series  of  anticlinal  and  synclinal  folds,  f 

Shady  Valley. — Shady  Valley  is  situated  in  Johnson  county, 

^  This  aBalyslB  has  been  klndl j  furnished  the  Survey  by  Mr.  U.  M.  Curry,  of  the  firm 
of  Carntgle  Brothers  and  Company. 

t  For  farther  details  concerniDg  the  geology  of  the  region  see : 

A  Ctaologlcal  Beconnolssance  of  the  State  of  Tennessee,  by  James  M.  SaSbrd,  State 
-Qeologist,  1856. 

The  Geology  of  Tennessee,  by  James  M.  Safford,  State  Geologist,  1869. 

The  Besources  of  Tennessee,  by  J.  B.  Killebrew  assisted  by  James  M.  Safford,  1874. 
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in  the  extreme  northeast  corner  of  Tennessee,  sixteen  miles 
southeast  of  the  Shenandoah  Valley  Railroad  at  Abingdon^ 
Virginia.  The  valley  runs  in  a  general  northeast  and  south- 
west direction,  and  represents  the  northeastern  p^rt  of  the  main 
valley  between  Holston  Mountain  on  the  northwest,  and  Iron 
Mountain  on  the  southeast.  It  varies  from  two  or  three  miles 
to  l«8s  than  half  a  mile  in  width,  in  places  being  little  more  than 
a  rocky  gorge.  It  is  drained  by  a  small  stream,  which  forms 
t)ne  of  the  head  waters  of  the  Holston  River. 

Brown  hematite  and  manganese  ore  are  found  at  intervals 
throughout  a  large  part  of  this  valley,  and  the  town  of  Damascus 
bas  been  laid  out  at  its  northeast  end,  in  Virginia,  just  across 
the  state  line,  by  the  Damascus  Enterprise  Company,  with  the 
intention  of  utilizing  the  ores.  The  manganese  has  been  little 
more  than  prospected,  but  the  iron  ore  has  been  worked  and 
smelted  in  small  open  forges  for  more  than  a  hundred  years. 

Holston  Mountain,  which  forms  the  northwest  barrier  of 
Shady  Valley,  is  composed  largely  of  sandstone  or  quartzite, 
but  on  its  lower  slopes  the  associated  limestones  and  shales 
appear.  The  latter  beds^  as  well  as  the  upper  part  of  the  quartz- 
ite, are  much  decomposed  and  often  exist  as  clay,  sometimes 
more  or  less  sandy  and  containing  rocky  fragments  which 
represent  the  undecayed  parts  of  the  original  beds.  The  iron 
and  manganese  ores  are  found  in  these  clay  deposits. 

The  iron  ore  varies  from  a  massive  brown  hematite  to  a 
pOrous,  black  variety.  Sometimes  where  it  comes  in  contact 
with  sandstone,  it  is  highly  siliceous,  but  at  others  it  is  com- 
paratively free  from  that  impurity.  The  manganese  generally 
occurs  as  a  steel-gray  or  black,  porous  mass  of  thin  stalactitic 
branches,  and  more  rarely  in  mammillary  bodies.  Sometimes 
tjrystals  of  pyrolusite  line  the  cavities  of  the  massive  ore. 

The  iron  and  manganese  ores  occur  as  interbedded  lenticular 
deposits  or  pockets,  the  iron  ore  being  in  far  the  larger  quanti- 
ties. In  some  places  the  two  ores  occur  together  in  the  same 
bed,  often  coming  into  sharp  contact ;  in  others  they  are  in 
separate  beds,  comparatively  free  from  any  admixture  with  each 
other.    The  iron  ore  deposits  vary  from  a  few  \\idtL^»  \»  o^^^ 
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ten  feet  in  thickness;  the  manganese  deposits  vary  from  a  few 
inches  to  three  feet.  The  latter  thickness  for  the  manganese^ 
deposits,  however,  is  rare. 

Iq  one  place  near  the  bottom  of  Shady  Valley,  a  series  of 
shales,  qaartzites,  and  siliceous  blue  limestones  occurs  in  a  bloflT 
about  fifty  feet  high.  These  beds  probably  represent  the 
original  condition  of  the  ore-bearing  strata  which  overliedthe 
quartzite.  Pebbles  of  manganese  ore  in  a  black  maganiferous 
clay  are  frequently  found  in  the  hollows  in  the  surface  of  the 
limestone,  and  have  doubtless  been  derived  from  the  associated 
rocks  by  decay. 

Small  quantities,  often  only  a  stain,  of  manganese  ^re  found 
in  situ  in  the  quartzite  in  various  parts  of  Holston  Mountain^ 
but  most  of  the  ore '  is  in  the  residual  clay  derived  from  the 
overlying  beds. 

Other  loGdlUiea  in  Tennessee. — Among  the  other  localities 
where  manganese  has  been  found  in  Tennessee  may  be 
mentioned : 

Greene  county. — Manganese  ore  is  found  in  Greene  county,^ 
in  association  with  a  manganiferous  iron   ore  which  has  been 
mined  to  some  extent  in  the  ITnaka  or  Smoky  Mountains,  eleven 
miles  from  the  town  of  Greenville. 

Newport. — Manganese  has  been  found  near  Newport,  Cocke 
county,  t 

Chilhowee  Mountain. — It  is  reported  that  manganese  exists 
on  Chilhowee  Mountain,  but  the  quantity  is  not  yet  known,  X 

Morristown. — Manganese  ore  occurs  in  a  red  residual  clay  at 
several  points  about  two  miles  southeast  of  Morristown  in 
Hamblin  county. 

Whitfield. — Small  quantities  of  manganese,  as  already  stated^ 
were  mined  near  Whitfield,  Hickman  county,  as  early  as  1837^ 
and  it  has  also  been  occasionally  mined  on  a  small  scale  since 
that  time  for  use  in  coloring  crockery.§ 

«  Rrsouroes  of  Tennessee,  J.  B.  Killebrew  ssslsted  hj  J.  M.  Safferd,  1874,  ptget  26a 
and  499. 

t  Mineral  Resources  of  th^  United  States,  1888,  p.  181. 

X  Ibid.,  1886,  p.  194. 

g  Ibid.,  1885,  pages  844-845. 
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V 


THE     MANGANESE     DEPOSITS     OF   GEORGIA. — Locoiiou    and 

general  features. 

The  manganese  region  of  Georgia  is  situated  in  the  north- 
western corner  of  the  state,  and  has  its  largest  development  in 
Bartow  county,  with  smaller  areas  in  Polk,  Floyd,  Whitfield, 
and  other  counties.  This  region  is  comprised  in  the  south- 
westerly extension  of  the  mountains  already  described  iu 
Virginia  and  Tennessee, 

Manganese  ores  occur  in  two  or  possibly  more  geologic 
horizons  in  the  Paleozoic  rocks  ot  northwest  Georgia  :  one  in 
association  with  shales  and  sandstone;  the  other  with  cherts 
or  oherty  limestones.  The  age  of  the  sandstone  horizon  is 
as  yet  m  some  doubt.  Dr.  C.  W.  Hayes,  of  the  United  States 
Geological  Survey,  who  has  pursued  detailed  investigations  in 
this  state  for  several  years,  has  kindly  furnished  the  Survey  the 
information  that  the  sandstone  has  not  yet  been  sufficiently 
studied  to  correlate  it,  and  that  it  may  be  Cambrian  or  may  be 
Upper  Silurian.  (See  pages  376-379.)  The  same  authority 
places  the  chert  referred  to  abo.ve  in  the  Knox  dolomite  (Saf- 
ford),  the  lowest  division  of  the  Silurian  in  the  state.  Imme- 
diately below  the  chert,  in  some  places,  is  a  gray  limestone 
representing  the  upper  member  of  the  Cambrian. 

The  sandstone  ore  belt  is  well  developed  in  Bartow  county. 
It  lies  north  and  northeast  of  the  town  of  Cartersville  and  is 
known  as  the  "Cartersville  region  ;"  or  as  the  "Etowah  region,'^ 
from  the  neighboring  Etowah  River.  *  It  has  produced  almost  all 
the  manganese  ore  mined  in  the  state.  The  chert  or  cherty  lime- 
stone belt  is  developed  to  the  west  of  the  Cartersville  region  in 
the  northern  part  of  Polk  county  and  southern  part  of  Floyd,  and 
thence  north  in  Bartow  and  Whitfield  counties.  In  its  southern 
part  this  area  is  known  as  the  "  Cave  Spring  region.'* 

The  two  areas  are  separated  from  each  other  by  a  profound 
fault  passiug  almost  north  and  south  through  Cartersville,  and 
and  described  by  C.  W.  Hayes*  as  the  "Cartersville  thrust 
fault."     The  deposits  of  the  Cartersville  region  occur  with  shales 

<■  The  Overthrust  Faults  of  the  Southern  AppalacbUns,  Geol.  Soo.  America,  Vol.  11.^ 
1891,paRes  144-154. 

27  Geological,  Vol.  i.,  1890. 
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and  sandstones  to  the  east  of  the  fault ;  the  deposits  of  the  Cave 
Spring  region  occur  with  cherts  and  cherty  limestones  to  the  west. 
The  latter  area  is  comprised  within  a  broad  synclinei  described  by 
Dr.  Hayes  as  extending  from  the  Tennessee-Georgia  line  soath 
and  southwest  through  the  northwest  corner  of  the  latter  state. 
The  syncline  is  bordered  on  the  east  by  the  Cartersville  fault, 
and  on  the  west  by  another  faulty  passing  through  the  town  of 
Rome,  and  described  by  Hayes  as  the  ^' Rome  thrust  fault." 
Within  this  syncline  are  most  of  those  manganese  deposits  that 
Of*(Mirinthe  Knox  dolomite,  though  some  in  Catoosa  coaoty 
occur  to  the  west  of  it. 

Both  the  Cartersville  and  the  Cave  Spring  regions,  as  well 
the  areas  related  to  the  latter,  resemble  each  other  in  the  associa- 
tion of  manganese  with  brown  hematite,  and  in  the  general 
character  of  the  ores  themselves.  The  manganese  ores  of  the 
Cave  Spring  region,  however,  are  more  scattered,  and,  so  far  as 
has  yet  been  discovered,  are  in  smaller  quantities  than  in  the 
Cartersville  region. 
THE  MANGANESE   DEPOSITS    OF    GEORGIA. — CartersvUU  region. 

Production. — The  accompanying  table  gives  the  production 
of  manganese  ores  in  the  Cartersville  region  from  the  time  they 
were  firbt  mined  in  1866  up  to  1888  :*  < 

Production  of  manganese  ores  in  the  Cartersville  region^  1866-1888 

LoDg  tons. 

1866t~ MO 

18671 
1868! 
1869 

WTO)" „ 6,000 

1871 
1873 
1878 

1874 « 2,400 

1875 2,400 

1876 « 2,4UU 

1877 2,400 

1878 2.40' 

1879 2,4U0 

1880 '  ,800 

1881 1,200 

1882 low 

188S 

1884. 


1884. ^ 2,580 

1886 5,981 

1887 9,021 

1888 5,568 


*  Mineral  Betources  of  the  United  States,  1888,  p.  127. 

t  Though  small  quantities  of  ore  were  shipped  in  1866  the  first  actire  mining  is  said  t^ 
bate  been  in  1867. 
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The  Dobbins  mine, — The  Dobbins  mine  is  in  Bartow  coanty, 
Creorgia,  five  miles  north-by-east  from  the  town  of  Cartersville. 
It  was  opened  in  1867|  and  is  the  oldest  manganese  mine  in  the 
state  of  Qeorgia.  It  was  later  acquired  by  the  Bartow  Mangan- 
ese Mining  and  Manufacturing  Company,  and  in  1885  it  was 
leased  by  E.  H.  Woodward.  From  1867  to  1885  inclusive, 
^,500  tons  of  ore  are  said  to  have  been  mined.*  E,  H.  Wood- 
ward shipped  726  tons  in  1886.t 

The  ores  are  mostly  massive  with  smaller  quantities  of  crys- 
talline ore,  and  are  found  in  the  form  of  nodules,  pockets,  and 
lenticular  beds,  in  a  stiff  red,  brown,  or  chrome-colored  clay. 
The  property  comprises  part  of  a  hill  rising  about  a  hundred  and 
fifty  feet  above  the  surrounding  level,  and  running  in  a  general 
east  and  west  direction.  A  large  part  of  the  hill  is  composed  of 
the  clay  that  has  resulted  from  the  decay,  in  situ,  of  the  rock 
which  formerly  exit-ted  in  the  same  position.  In  some  places  the 
<!lay  still  shows  the  original  stratification  of  the  rock,  and  dips 
vertically  or  almost  so,  striking  in  a  direction  varying  from  east 
^ad  west  to  northeast  and  southwest.  The  ore  follows  these  di- 
rections in  a  general  way,  though  sometimes  off-shoots  run  across 
the  stratification  and  ramify  in  various  directions.  These, 
however,  are  probably  due  to  secondary  chemical  agencies  which 
have  dissolved  and  redeposited  the  mineral  during  the  trans- 
formation of  the  original  bed  into  its  present  form.  The  ac- 
<;ompanying  figures  taken  from  the  side  of  a  pit  represent  the 
mode  of  occurrence  of  the  ore.  The  bodies  of  ore  vary  from  a 
few  inches  to  over  five  feet  in  width  and  alternately  thin  out  and 
-come  in  again.  Frequently  the  ore  occurs  in  nests  of  nodules 
more  or  less  closely  assembled  in  the  day,  as  shown  in  the  right- 
hand  bide  of  the  lower  figure. 

The  bodies  of  ore  often  contain  pockets  of  clay  or 
masses  of  undecomposed  rock,  the  latter  blending  into  the 
clay  or  sandy  clay,  and  yet  retaining  the  structure  of  the 
original  rock.  As  shown  in  the  figures  large  masses  of  sand- 
etone,  quartzite,  or  shaly  sandstone,  sometimes  five  feet  or 

«  Mineral  Keioureei  of  the  United  Statee,  1885,  p.  880. 
t  Ibid  ,  188«},  p.  187. 
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more  in  diameter,  also  occur  io  the  clay.  They  often  con- 
tain Beams  and  nodules  of  manganeae  ore,  and  represent  an- 
decomposed  fragments  of  the  original  bed  that  once  com- 
prised the  whole  hill.  A  common  form  of  these  fragments 
is  a  fine  grained,  compact  rock  of  a  brown  color,  gUttering- 


r,  Gtorgia,  ihacing  tht 


with  quartz  cryatals,  or  of  a  masBive,  eherty  natare.  A  low 
"  reef"  of  comparatively  coarse  sandstone,  about  fifteen  feet 
wide,  runs  along  the  crest  of  the  hill  in  the  direction  of  the 
strike  of  the  clay.  Its  outcrop  is  marked  by  broken,  rocky 
fragments  strongly  contrasting  with  the  surrounding  clay 
covered  slopes.  It  probably  represents  a  more  resistant 
stratum  which  has  withstood  decomposition. 

The  Laughom  mine. — The  Langhorn  mine  is  in  Bartow 
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county,  Georgia,  two  miles  north-by-east  from  Cartersville. 
It  is  operated  by  Mr.  E.  H.  Woodward  and  several  small 
pits  have  been  opened. 

The  manganese  is  a  massive^  blacky  honeycombed,  and  sialac- 
title  ore  with  some  crystalline  pyrolusite,  and  occurs  in  much 
the  same  manner  as  at  the  Dobbins  mine.  The  principal  differ- 
ence is  that  the  ore-bearing  clay  dips  at  an  angle  of  about  45^ 
northwest,  instead  of  almost  vertically,  and  lies  on  the  slope  of  a 
«olid  sandstone  hill.  Fragments  of  hard  quartzite  containing 
-concretionary  masses  of  manganese  ore  are  sometimes  found 
in  the  clay. 

The  Layton  mine. — The  Layton  mine  is  in  Bartow  county, 
Oeorgia,  two  miles  uorth-by-east  from  Cartersville,  and  almost 
adjoins  the  Laughorn  mine.  It  was  formerly  worked  on  a  small 
scale  for  iron  ore,  and  has  lately  been  opened  for  manganese. 

The  manganese  occurs  as  a  porous,  honeycombed,  stal- 
actitic,  massive  ore,  in  the  form  of  nodules  and  lenticular 
layers,  from  six  inches  to  three  feet  in  thickness,  imbedded  in 
•clay.  The  clay  in  the  neighbprhoed  of  the  ore  bodies  often 
has  a  black  color,  due  to  a  stain  of  manganese,  and  contains 
masses  of  rock  in  all  stages  of  decomposition.  This  de- 
posit overlies  a  bed  of  brown  hematite  ^three  feetr  thick, 
which  in  turn  lies  directly  on  the  solid  sandstone. 

Figure  31  shows  the  mode  of  occurrence  of  the  deposits. 
The  black  lines  running  oft  from  the  ore  bed  on  the  right 
hand  side  of  the  figure  are  *'  stringers ''  and  thin  seams  of 
■ore  penetrating  into  the  sandstone.  Between  the  iron  ore 
bed  and  the  clay  is  a  layer  of  manganese  ore  varying  from  a 
few  inches  to  three  feet  in  thickness,  and  forming  an  almost 
^continuous  stratum  from  the  surface  down  to  a  depth  of 
fifteen  feet,  which  is  as  far  as  it  has  been  followed.  The 
manganese  ore  alternately  encroaches  on,  and  recedes  from 
the  iron  ore,  and  is  very  uncertain  in  thickness. 

A  short  distance  to  the  west  of  the  pit  the  iron  ore  bed 
becomes  much  larger,  and,  though  it  has  not  been  stripped,  it  is 
probably  20  feet  or  more  in  thickness.     The  manganese  does  not 
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.  appear  to  follow  it  coDtiDuou'ly  in  ilii: 
repreaeots  ouly  a  local  deposit  in  it  at  1 1 


ilii-ection  and  probably 
•  iilucedesoribed. 


FlznrtSI.  Stdl'in  iSrousS  the  Liylot 


JTie  Bishop  mine. — The  Bishop  miue  i^  in  Bartow  coontj^ 
six  miles  northeast  of  Cartereville,  and  beloti^n  to  the  Dade- 
Coal  Company.  Several  pits  have  been  sunk,  but  the  property 
was  not  being  worked  when  visited  in  0:iober,  1889,  and  the' 
old  openings  were  mostly  oaved  in,  making  it  diffi^n't  to  see- 
the exact  nature  of  the  depoHit. 


Flfure  32.  Stetlon  Ihmiffh  ihe  Bishop  tAfn^,  Gtcrgitt,  ihott-ing  <fit  in 
maflfahf je-bdoHnp  day. 

A.  MuganBiB-beuiDg  dBf. 

B.  Saaditoae. 

HorliotiUl  teili ;    1  loch— 300  t«t.    VcrtlcmlKile:    linch— MtML 

The  manganese  is  in  the  form  of  concretiouary  nodules  very 

much  like  those  described  on  the  Matthewstract  at  Buena  Vista. 

Vi^inia.     (See  page  407).      It  occurs  in  clay  at  the  (oot  of  a 

kBandstone  hill  which  rises  from  seventy-five  to  a  hundred  feet 
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above  the  surface  of  the  ore-bearing  bed.  The  clay  is  generally 
of  a  chocolate,  red,  or  yellow  color,  though  it  is  sometimes  of  a 
pure  snow  white  with  grains  of  coarse,  transparent  sand.  The 
accompanying  figure  shows  the  mode  of  occurrence  of  the  ore- 
bearing  deposit. 

The  PoorhouBe  mine. — The  Poorhouse  mine  is  in  Bartow 
county,  twelve  miletj  northeast  of  Cartersville,  and  has  been 
worked  to  a  small  extent,  but  \a  at  present  not  being  operated. 

Manganese  is  found  here  in  masses  in  a  black  mangan- 
iferous  clay  which  is  interbedded  in  layers,  from  six  inches  to 
four  feet  in  thickness,  with  a  yellowish  brown  or  red  clay.  The 
whole  deposit  is  interbedded  in  the  sandstone  and  crops  out  at  the 
foot  of  a  Uill  of  that  rock,  which  rises  about  400  feet  above 
the  burrouuding  drainage.  The  rocks  dip  steeply  to  the  south- 
east and  the  clay  follows  them  in  all  their  disturbances.  This 
property  is  one  of  the  clearest  examples  seen  in  the  region  of 
the  derivation  of  the  ore-bearing  clay  from  the  decomposition  of 
a  rock  stratum  which  once  contained  the  ore  in  the  same  form  as 
it  now  exists  in  the  clay. 

The  Chumler  Hill  mine  — The  Chumler  Hill  mine  is  situated 
in  Bartow  county,  eight  miles  northeast  of  Cartersville.      It  has 
been  worked   for  many  years,    but  most  of  the  ore  is  at  present 
obtained  from  one  shaft  something  over  eighty  feet  deep.     The 
ore  was  formerly  rained  in  large  open  pits. 


JSrv\^ 


A  HA 

Fig-ire  83.    Xorihw^stsoutheast  section  through  the  ChunUer  Hill  minet  Georgia,  shmoing 
the  mode  (\f  o<enfrenc«  of  the  vianganete-hearing  clay, 

A.  Sandstone. 

B.  Mangantse-beariDf  ctay. 

Hoi  izoDtal  scale  .    1  inch— ^  mile.    Vertical  scale :    1  inch«400  feet. 

The  manganese  occurs  as  concretionary  nodules  of  massive 
and  crytitalline  ore,  imbedded  in  a  red  clay,  which  often 
contains  partly  decomposed  masses  of  sandstone.     The  clay  bed 
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occupies  the  hollow  between  two  sandstone  hills  and  contains 
<»re  in  irregularly  scattered  pocket^.  The  accompanying  figure 
shows  the  mode  of  occurrence  of  the  ore-bearing  clay. 

The  ShaUerfUld  mine, — The  Shatterfield  mine  is  in  Bartow 
county,  three  miles  north  of  Cartersville.  Several  small  pits 
and  tunnels  have  been  made,  but  no  considerable  work  has  been 
done. 

The  ore  is  of  the  usual  compact^  massive  or  crystalline- 
variety,  and  is  generally  in  the  form  of  nodules.  The  property 
is  situated  on  the  northeast  slope  of  a  sandstone  ridge,  running 
in  a  general  northwest  and  southeast  direction.  The  ridge  rises 
about  two  hundred  feet  above  the  surrounding  drainage  and 
slopes  off  on  the  northeast  into  a  valley  about  half  a  mile  wide, 
on  the  other  side  of  which  another  parallel  ridge  of  sandstone 
rises  to  about  the  same  height.  No  ore  has  been  found  on  the 
ridge  to  the  northeast,  but  on  the  slope  of  the  southwest  ridge 
it  oocurs  in  the  form  of  nodules  irregularly  scattered  through  a 
yellow  and  buff  colored  clay,  occasionally  associated  with  a  black 
manganiferous  clay. 

The  clay  bed  dips  with  the  slope  of  the  hill,  and  appears  to 
lie  on  it  conformably  with  the  bedding.  Fragments  and  nodules 
of  barite  from  half  an  inch  to  six  inches  in  diameter,  occur  in 
the  clay  immediately  above  the  ore,  and  are  sometimes  mixed 
with  the  latter.  Masses  of  partly  decomposed  sandstone  and 
quartzite  are  also  found  in  the  clay. 

Cherokee  county. — Ores  similar  to  those  already  described 
in  Bartow  county  are  said  to  occur  also  in  Cherokee,  which 
borders  Bartow  on  the  east;  but,  so  far  as  has  yet  been  found» 
they  are  in  smaller  quantities. 

Fannin  county, — Similar  ores  are  also  said  to  have  been 
found  in  Fannin  county,  at  the  northern  border  of  the  state* 
but  that  region  is  at  present  too  far  from  railwny  transportation 
to  permit  any  attempt  at  mining  them. 

Mt  Airy. — According  to  information  kindly  furnished  by 
Dr.  J.  W.  Spencer,  State  Geologist  of  Georgia,  manganese  has 
been  found  in  the  metamorphic  rocks  near  Mt.  Airy  in  north- 
eastern Georgia. 


-  t 
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THE  MANGANESE  DEPOSITS  OP  GEORGIA. — Cave  Spring  region. 

General  features. — The  Cave  Spring  region  Hies  between 
Cedartown  and  Cave  Spring,  in  the  northern  part  of  Polk 
county  and  the  southern  part  of  Floyd.  Deposits  of  a  char- 
acter similar  to  those  found  in  this  area  also  occur  in  the  north- 
western part  of  Bartow  and  in  Catoosa  and  Whitfield  counties. 

The  manganese  consists  largely  of  a  massive  ore  with  some 
pyrolusite,  and,  as  in  the  Cartersville  region,  occurs  with  brown 
hematite  in  the  various  forms  already  described,  either  in  the 
same  or  separate  deposits.  The  ores  differ  from  the  Cartersville 
ores,  however,  in  that  they  are  found  in  association  with  chert. 
They  are  usually  imbedded  in  a  red  clay  resulting  from  the 
surface  decomposition  of  the  chert,  though  sometimes  they  are  in 
place  in  that  rock.  Between  the  two  extremes  of  ore  in  the 
clay  and  ore  in  the  rock  there  are  all  gradations,  and  a  common 
occurrence  is  a  hill  composed  of  massive  chett  or  cherty  lime* 
stone  at  the  base  and  becoming  more  and  more  decomposed 
^bove,  until  at  the  summit  it  has  been  completely  converted  into 
a  residual  clay  cnntaininc:  fragments  of  the  original  chert  bed. 
The  chert  fragments  vary  greatly  in  size,  from  a  few  inches  to 
several  feet  in  diameter,  and  are  in  all  stages  of  decomposition, 
from  the  original  hard,  flinty  rock  to  a  porous,  earthy  mass. 

The  manganese  ore  exists  in  much  the  same  form  in 
both  the  chert  and  the  clay,  occurring  as  nodules,  pockets, 
or  lenticular  layers,  following  the  general  direction  of  the 
bedding  of  the  strata.  The  hematite  occurs  in  the  same  way 
except  that  it  is  in  much  larger  quantities,  and  has  a  stronger 
tendency  to  a  bedded  form,  and  a  lesser  tendency  to  a  nodu' 
lar  form.  Both  ores  frequently  exist  in  innumerable  thin 
seams,  piercing  the  rock  in  all  directions,  and  giving  it  a 
brecciated  appearance.  In  such  cases  the  ore  is  often  com- 
posed of  both  iron  and  manganese,  the  one  blending  into 
the  other.  Both  of  the  ores  are  very  irregularly  distributed, ' 
in  some  places  being  wanting  altogether  and  in  others  oc- 
curring at  short  intervals  over  considerable  areas. 

The  chert  is  usually  a  white  or  gray  rock,  sometimes 
4irown  and  rarely  black,  though  it  \%  £t^c\vi^xi\\^  vci^TXiaX'^^ 
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with  a  black  film  of  oxide  of  manganese.     It  is  underlain  by- 
a  large  bed  of  massive,  blue-gray  limestone,  sometimes  semi^ 
crystalline   and    frequently   having  an   oolitic  structure,  a 
similar  structure  being  often   observable  in   the  chert.     At 
Cave  Spring  the  limestone,  according  to  information  kindly^ 
furnished  the  Survey  by  C.  W.  Hayes,  of  the  United  States. 
Geological   Survey,   represents    the    upper  member  of   the 
Cambrian  rocks  of  this  region,  while  the  chert,  as  stated    on  ^ 
page  380,  corresponds  to  the  Knox  dolomite  (Saftord)     .The 
stratigraphic  relation  of  the  chert  and  limestone  is  excel- 
lently illustrated  in  the  hills  to  the  southeast  of  the   town: 
the  rocks  dip  to  the  southeast,   the   limestone  forming   the 
lower  parts  of  the  hills  and  the  chert  the  upper  parts.     The 
name  of  the  town  is  taken  from  a  large  spring  that  issues, 
from  the  limestone  at  the  foot  of  the  hills. 

The  Barnsley  tract. — The   Barusley   tract  is   in  Bartow- 
county,  seventeen  miles  northwest  of  Cartersville.     Several- 
small  pits  have  been  sunk  and  forty-five  or  fifty  tons  of  ore 
are  said  to  have  been  mined. 

The  manganese  is  a  porous,  honeycombed,  or  stalactitic 
variety,  sometimes  containing  cavities  lined  with  crystalline 
ore.  It  contains  inclusions  of  red  clay,  and  frequently 
occurs  as  a  cement  binding  together  angular  fragments  of 
partly  decomposed  chert.  The  ore  is  found  in  loose  masses 
irregularly  distributed  through  a  red  or  black  clay,  which 
contains  numerous  fragments  of  chert  in  various  stages- 
of  decomposition.  A  small  pit  has  been  sunk  thirty  feet 
into  the  bed. 

On  the  northeast  slope  of  the  hill  a  dark  grayish-blue 
limestone,  underlain  by  shale,  dips  westward  and  passes 
under  the  chert.  The  true  contact  of  the  limestone  with  the- 
ore-bearing  chert  cannot  be  seen,  as  the  whole  of  the  upper^ 
part  of  the  hill  is  covered  by  loose  chert  fragments  which 
have  rolled  down  and  hidden  everything  until  the  limestone 
outcrop  is  reached.  It  seems  probable,  however,  that  the- 
chert  and  ore- bearing  clay  were  once  parts  of  a  cherty  lime- 
stone,   sometimes    consisting    largely    of    chert,    at    other^ 
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times  of  iiiterbedded  chert  and  limestooe;  that  subBe- 
queotly  the  carhonate  of  lime  was  leached  out  and  the  chert 
decomposed,  leaving  a  residnal  clay  containiDg  the  mangan- 
ese ore  and  the  chert  fragments  that  have  sarvived  decay. 
The  accompanying  fif^are  shows  the  relation  of  the  rocks  od> 
this  property.  The  shaft  on  the  surarait  of  the  hill  on  th». 
left  side  of  the  figure  is  the  one  referred  to  above. 


Srcllon  IhrBwgh  tht  Bdnulev  Irotf,  Qeer^la,  ihoiclns  II 
»nd  (jhertj  llngaUin*. 


UortioHUlBcile:    1  lac'i— MO  (ec^    V*Ttk>lMil«:    I  iDota— 200l«ct. 

The  William  Doherty  tracL—'She  William  Doherty  tract 
is  in  Polk  county,  two  miles  south  of  Cave  Spring.  Several- 
small  pits  have  been  made,  and  some  ore  has  been  shipped. 
The  manganese  is  generally  in  the  form  of  nodules,  from  one- 
inch  to  two  feet  in  diameter,  often  containing  thin  veins  of 
quartz,  and  associated  with  hrown  hematite,  either  in  the 
same  deposit  or  separately.  Occasionally  nodules  are  found 
with  massive  brown  hematite  oa  the  outside  and  manganesft- 
ore  on  the  inside.  Both  ores  are  imbedded  in  a  red  clay  con- 
taining many  fragments  of  chert  in  varioos  stages  of  de- 
composition. The  masses  of  ore  are  either  irregularly  dis- 
tributed through  tliis  deposit,  or  are  in  lenticular  beds  from, 
one  to  two  feet  in  thickness  and  of  limited  lateral  extent. 
The  ore  is  sometimes  in  place  in  the  chert;  and  the  deposit,, 
as  it  now  exists,  is  the  remains  of  a  once  continuous  ore- 
bearing  chert. 

The  hills  containing  the  ore  are  low,  rounded,  and 
covered  by  angular  chert  fragments,  so  that  no  continuous, 
ledge  of  rock  is  seen.     Halt  a  mile  to  the  Tna"cWv,\iO"«w*«^v. 


/lSKVAIj  RBPOBT  state  0B0IX>QI8T. 


the  chert  crops  oot  in  place  on  the  slope  of  a  ridge  ran- 
niag  in  a  geoeral  northeast  aad  southwest  direction, and  dips 
at  about  25°  to  35°  to  the  sontheaet.  The  chert  shows  an 
irregularly  decomposed  surface  with  deep  channels  running 
in  along  the  lines  of  bedding.  It  comppses  the  whole  of  the 
ridge,  and  the  edges  of  the  strata  are  well  exposed  on  the 
elope.  They  are  frequently  impregnated  with  iron,  and 
in  several  places  manganese  is  seen  in  small  quantities 
cutting  the  chert  in  a  network  of  small  layers  and  nests, 
from  a  sixteenth  to  a  half  inch  in  thickness.  Larger  quanti- 
ties of  ore  are  found  on  the  summit,  and  here  the  chert  has 
been  decomposed  for  a  depth,  iu  gome  places,  of  thirty  or 
forty  feet,  or  more.  Figure  85  shows  the  relation  of  the  de- 
cayed and  undecayed  chert  on  this  ridge.  Several  pits  have 
4)een  opened  ou  the  ridge,  among  which  are  those  described 
below. 


Figure  1^    Salinii  near  Ihi  Vtlliani  Dohtrty  Iratl,  Otorg^,  thetrlnt  Ikt  nafaet  dteaw  tf 

A.  Dee*T«d  cbert. 

B,  Uiid«ca7«l  ohiti. 

HoiiioDUl  gale :    1  inah— .HO  C«I.    Verllcll  sole:    !incb-!MI«t. 

7%e  Nancy  Banks  tract. — The  Nancy  Banks  tract  ie  od  the 
line  of  Polk  and  Floyd  counties,  and  on  the  summit  of  the 
ridge  jast  described.  A  pit  about  twenty  feet  deep  has  been 
sunk  and  three  hundred  tons  of  manganese  ore  are  said  to 
have  been  mined.  The  ore  occurs  in  a  red  clay  with  numer- 
ous fragments  of  the  original  chert  bed,  which  have  so  far 
withstood  decomposition. 

TAe  Lewis  Ware  tract. — The  Lewis  Ware  tract  is  in  Floyd 
-oouaty,  about  half  a  mile  northeast  of  the  Naocy  Banks  tract 
and  on  thn  same  ridge.  Several  small  pits  have  been  sunk  and 
«mall  quantities  of  ore  have  been  taken  out.     The  ore  is  of  the 
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same  variety,  and  occura  in  nodules  and  masses inthe  clay  iu  the 
mme  manner  as  at.  the  Banks  place.  The  accompanying  Sgare 
represents  the  side  of  a  pit  thirty-four  feet  deep,  and  shows  the 
association  of  ore-bearing  clay  and  the  chert  fragments.  The 
so-called  "reef"  of  chert  seen  rUDning  across  the  figure  in  large 
disconnected  mas^e^,  represents  the  decomposiog  remaiusofa 
stratum,  which,  probably  being  more  resistant  than  the  strata 
immediately  above  and  below  it,  has  survived  decay. 


n  apli  an  lU  I^aU  Wart  Irani.  Gearjia,  ihaalni ilit  raidutl  au 

tretuUedfrtm  Iht  iteay  a/ Iht  eherl  bed. 

■Ing  cr»j.    The  mm<9H  ol  rook  npreRDi  parU  of  Iha  therl  bed  tl 


Tke  Hancock  trad. — The  Hancock  tract  is  iu  Floyd  county, 
one  mile  east  of  Cave  Spring.  A  number  of  small  prospecting 
pitd  have  been  opened  on  the  property  and  ore  has  been  found 
in  several  of  them. 

The  manganese  generally  occurs  in  place  in  the  chert, 
though  the  latter  is  much  broken  by  surface  weathering  and  the 
cracks  are  filled  with  red  clay.  In  one  place  a  pit  has  exposed 
a  pocket  of  ore  from  one  foot  to  one  and  a  half  feet  in  thick- 
ness, overlain  by  the  broken  chert  hed.  The  latter  is  cut  up 
by  a  network  of  thin  seams  of  manganese  ore  and  brown  hematite, 
giving  the  rock  a  brecciated  appearance.  The  chert  frequently 
has  a  granular  structure  like  that  of  oolitic  limestone. 

From  this  property  west  to  Cave  Spring,  nodnles  of  man- 
ganese ore  are  seen  at  numerous  plaoes  in  the  gullies  and    aloDg 
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the  creeks.     They  are   all  in   associatioQS,  or  have  come    from 
associations  similar  to  those  just  described. 

The  Tunnel  Hill  mine. — The  TuDoel  Hill  mine  is  near  the 
liividing  lioe  of  Catoosa  and  Whitfield  counties,  the  property 
being  partly  in  one  and  partly  in  the  other.  The  mine  is  about 
a  mile  from  Tunnel  Hill  station  on  the  Western  and  Atlantic 
Railroad.  It  is  owned  by  the  Catoosa  Mining  and  Manufacturing 
Oompauy,  which  began  work  on  it  in  1&89. 

The  ore  occurs  generally  as  botryoidal  and  kidney-shaped 
DoduleSi  from  one  inch  to  eighteen  inches  in  diameter,  often 
<;t)mposed  of  a  crystalline  interior  enclosed  by  a  massive,  hard, 
black  crust.  Tt  is  associated  with  a  red  clay  containing  large 
masses  of  chert  similar  to  that  at  the  localities  already  described 
in  the  neighborhood  of  Cave  Spring.  The  chert,  however,  is 
more  decomposed  than  in  most  of  those  localities,  and  there  is, 
therefore,  a  larger  quantity  of  residual  clay  and  asmaller  quantity 
of  cherty  fragments.  The  property  is  situated  on  a  ridge  runt* 
ning  in  a  general  direction  of  north-northeast  and  rising  from  a 
hundred  to  a  hundred  and  fifty  feet  above  the  surrounding  drain- 
^age.  The  chert  composing  the  ridge  has  decayed  to  a  considerable 
<lepth,  and  a  shaft  was  sunk  a  hundred  and  fifty  feet  in  it  without 
reaching  solid  rock. 

Both  the  manganese  and  brown  hematite  occur  in  numerous 
places  on  this  hill,  though  the  iron,  as  is  usual,  is  the  more 
abundant,  and  occurs  in  pockets  and  lenticular  layers  fro  m  ten 

0 

ix>  twenty  feet  in  thickness.  The  nodules  of  manganese  ore  are 
either  scattered  throughout  the  clay  or  are  more  or  less  closely 
assembled  in  pockets.  In  one  of  the  shafts,  a  number  of  nodules 
are  seen  studding  the  clay  for  a  depth  of  twenty  feet,  and 
a  breadth  of  three  feet.  In  some  places  the  iron  and  manganese 
ores  are  intimately  associated  as  manganiferousiron  ore,  in  others 
they  occur  as  distinct  masses  in  the  same  deposit,  often  coming 
in  contact  or  coating  each  other ;  and  still  again  they  occur  in 
separate  deposjts,  comparatively  free  from  any  admixture  with 
€ach  other. 

In  a  pit  at  the  base  of  the  hill,  manganese  ore  occurs  in 
place  in  the  rock^  which  is  often  of  a  characteristic  brow  nish* 
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chrome  color^  is  hard,  and  has  a  conchoidal  fracture.  The  ore 
is  found  in  it  in  layers  or  nests,  and  frequently  the  rock  is 
studded  with  numerous  small  blaek,  concretions  of  ore  the  size 
of  mustard  seed.  In  some  places  the  nodules  have  weathered 
out  of  the  rock  and  lie  in  the  clay  on  its  partly  decomposed  sur- 
face. 


THE   MANGANESE   DEPOSITS   OF   ALABAMA. 

Manganese  has  been  found  in  several  places  in  Alabama, 
but  it  has  not  been  worked  to  any  considerable  extent,  and 
only  very  small  quantities  have  been  shipped.  It  has  been 
found  at  Stocks'  Mills  in  Cherokee  county,*  anil  small  quan- 
tities have  been  mined.  It  also  occurs  in  Chilton,  Talladega, 
Randolph,  Calhoun,  Cleburne,.  Etowah,  Shelby,  and  other 
counties,  but  in  most  places  it  is  said  to  be  in  small  quanti- 
ties. At  Woodstock,  in  Bibb  county,  and  elsewhere  in  the 
state,  manganese  has  been  found  in  the  form  of  manganif- 
erous  iron  ore.  The  following  analyses  cited  by  E.  J.  Schmitz 
show  the  composition  of  some  of  the  ores.f 

AnalyBes  of  manganese  ores  from  Alabama.t 


Variety. 


Formation 


Countj. 


Analjat. 


Peroxide 

of 

ManganeM. 


MeUllic 
MaDganeae. 


Specific 
G  ravitjr. 


Pyrolusite.. ... 
'Psilomelane... 

Piilomelaae .. 


Meta- 
morphic. 

Chilton. 

Endemann. 

71.220 

45.004 

biiurian. 

Talladega. 

Mallet. 

62.4S0 

89.449 

Meta- 
morphio. 

Randolph. 

Mallet. 

68.250 

89.968 

8.712 


8.968 


•  Mineral  ReM>uroei  of  the  United  SUtet,  18S6,  p.  188. 

t  In  the  table  of  analjaea  the  column  for  metallic  manganeae  has  been  inserted  by  the 
writer.  It  was  calculated  from  the  percentage  of  peroxide  glren  bj  Mr.  ^chmiti,  and  as  it  is 
not  impossible  that  certain  quantities  of  other  oxides  of  manganese  maj  hare  been  present  In 
♦he  ore,  the  percentages  of  metallic  manganese  maj  possibly  be  too  low. 

X  E.  J.  Schmitx,  Trans.  Amer.  Inst.  Mog.  Eng.,  Vol.  XII.,  1888-64,  p.  172. 


CHAPTER  XVI. 
THE  MANGANESE  DEPOSITS  OF  TEXAS. 

LOCATION  OF  THE   DEPOSITS. 

The  maDganese  ores  of  Texas  occur  in  the  central  part 
of  the  state,  mostly  in  Mason,  Llano,  and  San  Saba  counties^ 
The  diiierent  deposits  are  from  forty  to  sixty  miles  from* 
railway  transportation  and  no  ore  has  yet  been  shipped  from 
any  of  them.  Several  places,  however,  have  been  prospected^ 
especially  the  Spiller  mine  and  the  Kothmann  tract  in  Mason 
couuty,  and,  to  a  lesser  degree,  Horse  Mountain  in  Llano 
county. 

THE  GEOLOGIC   RELATIONS  OF  THE  MANGANESE   DEPOSITS. 

The  ores  are  associated  with  quartzites  and  gneisses^ 
though  micaceous  aud  garnetiferous  schists  are  frequently 
found  in  the  neighborhood.  The  rocks  are  much  disturbed 
aud  dip  at  various  angles,  sometimes  standing  vertically. 
They  are  supposed  to  be  of  pre-Cambrian  age  * 

The  Paleozoic  and  Cretaceous  rocks  border  this  region 
on  all  sides,  and  areas  of  them  frequently  protrude  far  into» 
or  cap  hills  of  the  crystalline  rocks. 

THE   MANGANESE   ORES. 

Mineralogical  forma  of  the  ores. — The  manganese  minerals. 


'•''  For  further  details  see  C.  D.  Walcott,  Notes  on  Paleozoic  Rocks  of  Centrml  Texas 
Amer.  Jour.  Sci.,  Vol.  XXVIII.,  1884,  pp.  431-433. 

C  D.  Walcoir,  Second  Contributions  to  the  Studies  on  the  Cambrian  Faunas  of  North 
Amctica,  Bull.  SO,  U.  S.  Geol.  Survey,  1886,  pp.  57-04. 

Theii.  B.  Cumstock,  Preliminary  Report  on  the  Geology  of  the  Central  Mineral  R^oa 
of  Texas,  First  Annual  Report,  Geological  Survey  of  Texas,  E.  T.  Dumble,  Statt  Qeologiat^ 
1B89,  pp.  241-391. 


THE  MANOANE8E  DEPOSITS  OF  TEXAS.  433 

of  the  central  Texas  region  occur  in  the  forms  of  oxides  and 
silicates.  The  latter,  so  far  as  yet  determined^  generally 
represent  manganiferous  varieties  of  garnet,  though  the  pro- 
toxide silicate  of  manganese  known  as  tephroite  has  also 
been  found. 

The  oxides  of  manganese. — The  oxides  of  manganese  occur 
in  either  a  massive  form  or  as  a  granular  crystalline  aggre- 
gate, the  two  being  more  or  less  intimately  associated.  The 
massive  variety  has  a  black  color,  a  smooth  conchoidal 
fracture,  and  a  hardness  of  6  to  7.  The  crystalline  variety 
is  black  and  often  very  soft,  in  which  condition  it  represents 
pyrolusite.  The  oxides  are  generally  associated  with  more 
or  less  silica,  which  sometimes  amounts  to  from  15  to  25  per 
cent,  and  makes  the  true  mineralogical  nature  of  the  ores 
doubtful.  Dr.  T.  S.  Comstock*  notes  the  existence  of 
psilomelane,  pyrolusite,  and  wad  in  the  central  Texas  region. 

Silicates  of  manganese. — Four  varieties  of  manganese -bear- 
ing silicates  from  central  Texas  have  been  analyzed  and  are  de- 
scribed below.  These  include  three  forms  of  manganese  garnet^ 
and  a  specimen  of  tephroite. 

(1)  Manganese-alumina-garnet,  spessartite. — Specimen  from 
Horse  Mountain,  Llano  county,  Texas.  This  mineral  is  massive 
to  crystalline ;  color  pale  lemon-yellow ;  streak  light  yellow  ; 
lustre  resinous  (dull  in  weathered  specimens) ;  translucent ; 
fracture  conchoidal  to  uneven  ;  hardness  7.  Its  specific  gravity 
as  determined  by  R.  N.  Brackett  is  3.79.  It  contains  dissem- 
inated particles  of  magnetite,  and  pockets  and  veins  of  trans- 
parent or  smoky  quartz.  The  mineral  fuses  to  a  black  glass ;  is 
insoluble  in  hydrochloric  acid  in  the  fresh  state,  but  after  fusion 
rapidly  decomposes  with  the  separation  of  silica;  with  fluxes  it 
gives  manganese  reactions. 

The  Survey  is  indebted  to  the  kindness  of  Professor  F.  W. 
Clarke,  Chief  Chemist  of  the  U.  S.  Geological  Survey,  for  the 
following  analysis  by  Dr.  W.  H.  Melville,  whose  examination 
has  shown  the  mineral  to  be  spessartite: 

Prelimioary  Report  on  the  Geology  of  the  Central  Mineral  Region  of  Tezai,  First, 
Annual  Report,  Geological  Sarvey  of  Texas,  E.  T.  Dumble,  State  Geologist,  1889,  p.  346. 

28  Geological,  Vol.  ).,  1890. 
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Analysis  of  spessartUe  from  Llano  county,  Texas. 

Per  oent.    Batio. 

Silica  (Si  O2) ^ ».  85.9S       .100  8.00 

Ferric  oxidf)  (F«2  Ot) ..........    4.60       .029^ 

)-  .206    1.03 
Alamina  (Ah  Oa) ^,  18.06       .177) 

IfanganeM  protoxide  (MaO)  81.77  .449 ) 

Lime  (CaO) 8.48  .162 

BaryU  (BaO) trace 

Magnesia    (BCgO) 0.69  .017 

Potaeb  (KaO)     ) 

> 0.17 

t^oda  (MazO)    ) 

Phosphoric  add  (Pa  Og) none 

TitanUc  acid  (TiOa) trace 

Loss  at  105* 0.03 

Loss  on  ignition 0.86 


)-  .618    8.09 


100.11 

Id  the  sample  taken  for  analysis  the  quartz  was  separated 
from  the  spessartite  and  the  small  amount  of  magnetite  was 
removed  by  a  magnet.  '^A  black  oxide  of  manganese  remained 
in  the  material  analyzed,  so  that  the  quantity  of  ferrous  oxide 
oould  not  be  determined.     The  iron  was  weighed  as  ferric  oxide." 

Supposing  all  the  iron  to  have  been  |in  the  ferric  state,  the 
ratio  of  BO,  R^Oj,  and  SiO,  as  calculated  above  is  very  close  to 
the  normal  garnet  ratio  3:1:3,  and  shows  an  almost  theoreti- 
cally pure  material.  If  the  iron  was  in  the  ferrous  form,  as  it 
usually  is  in  spessartite,  the  ratio  would  be  slightly  different,  but 
not  materially  changed  from  its  resemblance  to  that  of  garnet. 

The  ore  exists  as  interbedded  layers  or  lenticular  pockets, 
becoming  alternately  thick  and  thin.  It  is  often  much  jointed 
and  can  be  picked  outof  the  weathered  surface  in  angular  blocks. 
It  is  sometimes  found  finely  disseminated  in  grains  through 
the  country  gneiss;  and  in  one  place,  near  the  foot  of  Horse 
Mountain,  what  appears  to  be  the  same  mineral  occurs  as  inclu- 
sions in  a  magnetic  iron  ore. 

(2)  Calcium-iron-garnet,  andradite. — Two  specimens  of 
this  variety  of  garnet  from  the  Kothmann  tract,  fifteen  miles 
northeast  of  the  town   of  Mason,    Masou  county,  have   been 
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analyzed.  Both  specimens  are  imparei  as  is  shown  by  their 
physical  features  and  by  their  variation  from  the  true  garnet 
ratio,  but  they  probably  approach  the  latter  closely  enough  to  be 
<;iassiiied  as  garnets.  It  has  been  suggested  by  Dr.  S.  L.  Pen- 
field,  who  has  kindly  examined  these  analyses,  that  the  minerals 
represent  manganese  varieties  of  andradite,  which  is  a  calcium- 
iron-garnet  having  the  formula  CasFesSijOisy  and  that  they  bear 
a  resemblance  to  the  variety  from  Franklin,  New  Jersey,  called 
polyadelphite  by  Thomson.  The  analysis  of  polyadelphite  is 
^iven  below  after  the  analyses  of  the  Texas  specimens.  In  the 
latter  it  will  be  observed  that  manganese  replaces  a  larger  part 
•of  the  lime  of  the  ordinary  andradite. 

The  following  analyses  of  the  Texas  specimensi  made  by 
R.  N.  Brackett,  were  not  intended  to  be  complete,  but  they 
show  the  important  constituents  of  the  minerals.  They  were 
made  of  material  dried  at  110^-116^  Centigrade. 

(a)  This  is  a  massive  or  semi-crystalline  mineral;  color 
-chocolate-brown;  streak  light  brown;  lustre  resinous;  translu- 
"cent ;  fracture  uneven ;  hardness  7-7.6 ;  specific  gravity  3.67. 
The  mineral  fuses  readily  into  a  black  glass ;  is  only  slightly 
attacked  by  hydrochloric  acid  in  the  fresh^tate,  but  is  readily  de- 
^composed  with  the  separation  of  silica  after  fusion;  with  fluxes 
it  gives  manganese  reactions. 

Analysis  of  andradUe  from  Mason  county ^  Texas. 

Per  cent.  Batlo. 

Silica  (Si02) ^ 87.24  .621  8.16 

Ferric  oxide  (Fea  Ot) .....81.17  .195  .98 

Alumina  (Ala  0«) irac« 

MangaDese  protoxide  (MnO)  20.11  .2831 

Ume(CaO) 10.lt  .181 1  .497      2.49 

Difference  (niagneela?).. 1.82  .068  J 


100.00 

It  will  be  observed  that  though  the  BO  is  low,  the 
ratio  of  RO,  B2O3,  and  SiO,  approaches  the  garnet  ratio  3:1:3. 

(6)  This  is  a  crystalline  mineral;  color  deep  yellow; 
lustre  resinous  to  vitreous;  translucent;  friaoture  unevin;  hard- 
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ness  6  ;  specific  gravity  3.72.  The  mineral  fuses  readily  into  a 
black  glass ;  is  only  slightly  attacked  by  hydrochloric  acid  in  the- 
fresh  state,  but  after  fusion  readily  decomposes  with  the  separa^ 
tion  of  silica  ;  with  fluxes  it  gives  manganese  reactions. 

Analysis  of  andradite  from  Mason  couniy,  Texa^. 

Per  cent.    Ratio. 

Silica  (SiO.) 86.24         0.606  3.02 

Ferric  oxide  (FeaO,) 15.91        0.100> 

>210    1.05 
Alamina  (AlaO,) 11.28         0.110  ) 

Manganese  protoxide  (MqO)..    80.72         0.4841 

Lirae(CaO) 2.C4         0.087  {s??    2.63 

Magnesia  (MgO) 2.22         0.056  j 

Diflerence  (alkalies  ?) 1.64 

100.00 

The  ratio  of  RO,  R2O3,  aod  SiOg  in  the  above  analysia 
approaches  the  usual  garnet  ratio  of  3  :  1  :  3.  The  RO  is- 
I0W9  but  not  so  far  from  the  theoretical  ratio  as  in  the  last 
analysis. 

(c)  The  resemblance  of  the  two  Texas  specimens  of 
andradite,  of  which  analyses  have  been  given,  to  the  variety 
known  as  polyadelpliite,  is  seen  in  the  following  analysis  of 
of  the  latter  mineral  by  Thomson.  It  will  be  observed  that 
both  the  Texas  specimens  contain  more  manganese  protox- 
ide and  proportionally  less  lime  than  polyadelphite. 

Analysis  of  polyadelphite  from '  Franklin^  New  Jersey.* 

Silica  (SiOa) 83.72 

Ferric  oxide  (Fe.Oa) 17.64 

Alumina  (AUO,) 7.97 

Manganese  protoxide  (MnO). 16.70 

Lime  (CaO) 26.88 

Loss  on  Ignition 0.08 


101.99 

(3)    Tephroite. — Specimen   from  the  Eothmann  tract 
Mason  county,  Texas.    This  mineral  is  massive  ;  color  gray 

or  greenish-gray;  streak  white;  lustre  resinous;  translucent;. 

-  —  * 

*  Ann.  Ljc,  N.  Y.,  II L,  p.  9,  1829. 
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faardness  6;  very  tough;  specific  gravity  3.94,  It  is  fusible, 
gelatinizes  in  Lydrochloric  acid,  and  with  fluxes  gives  man- 
ganese reactions.  It  eflervesces  in  hydrechloric  acid, 
probably  from  the  presence  of  a  carbonate,  as  shown  in  the 
analysis. 

Like  the  last  two  minerals,  it  is  much  jointed  and  breaks 
into  angular  blocks.  It  is  decomposed  on  the  surface  and 
^long  the  joint  cracks,  giving  rise  to  a  black  incrustation  of 
oxide  of  manganese,  enclosing  an  interior  of  the  unaltered 
mineral.  The  following  analysis,  made  by  W.  A,  Noyes, 
«hows  its  composition : 

Analysis  of  tephroUe  from  Mason  county^  Texas. 

silica  (810a) 28.57 

Ferric  oxide  (FeaOa) 6.52 

Alumina  (AlaOa) 2.46 

MaDganeae  protoxide  (MnO) 58.86 

Lime  (CaO) 0.30 

Magnesia  (MgO) 0.80 

Alkalies  (as  NaaO) 0.27 

Carbonic  acid  (OOa) 2.92 

99.70 

It  is  evident  from  the  analysis  that  the  specimen  is  an 
impure  material,  but  the  composition  approaches  that  of  . 
tephroite,  which  is  a  protoxide  silicate  of  manganese  having 
the  formula  2MnO,  SiO.^,  and  containing  theoretically  man- 
ganese protoxide  70.2  and  silica  29.8  per  cent.  The  ses- 
i)uioxide  of  iron  and  the  alumina  do  not  normally  belong 
in  a  protoxide  silicate  and  are  probably  admixtures,  due 
to  the  specimen  being  a  massive  material.  The  carbonic 
acid  possibly  exists  as  carbonate  of  manganese,  which  may 
have  been  formed  by  the  alteration  of  the  silicate. 

'  Relation  of  the  oxides  and  silicates  of  manganese. — The 
manganese  oxides  and  silicates  occur  together  in  the  same 
deposits.  The  oxides  are  never  found  alone,  but  are  in- 
variably associated  with  a  greater  or  less  quantity  of 
the  silicates,  generally  the  garnets.  An  examination  of  the 
various  deposits  shows  that  these  two  classes  of  minerals^ 
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oxides  and  silicates  of  manganese,  are  not  only  associated^ 
bat  that,  in  m2.n7  places  at  least,  the  oxide  is  the  resnlt  of 
the  oxidation  of  the  silicate,  and  is  absolutely  dependent  for 
its  existence  on  the  presence  of  that  mineral.  *  A  stady 
of  the  analyses  given  beyond  still  further  confirms  this, 
supposition.  The  silicates  are  sometimes  seen  on  the  sur- 
face in  an  entirely  unaltered  condition,  but  they  usually^ 
show  the  presence  of  a  greater  or  less  quantity  of  oxide,, 
either  as  an  incrustation  or  as  black  Bpecks  studding  the 
partly  disintegrated  outcrop. 

The  extent  to  which  the  alteration  of  the  silicate  haa 
gone  on  in  different  places  varies  considerably,  and  is  regu- 
lated by  two  sets  of  conditions:  (1)  the  mineralogieal 
nature  of  the  silicate,  on  which  depends  its  power  to  resist 
chemical  decomposition ;  (2)  the  physical  nature  of  the 
silicate  and  the  surrounding  rocks,  sucu  as  joint  cracks, 
porosity,  etc.,  on  which  depends  the  power  of  the  altering^ 
agents,  in  the  forms  of  air  and  surface  waters  containing^ 
carbonic  or  other  acids,  to  reach  the  interior  of  the  deposit. 
These  conditions,  especially  the  latfer,  vary  greatly  in  differ- 
ent localities  and  even  in  difterent  parts  of  the  same  bed^ 
Hence  the  black  oxide  often  composes  almost  the  whole  of 
the  outcrop  of  the  bed  in  one  place,  while  on  either  side  and 
on  the  same  outcrop  the  fresh  unaltered  silicate  is  founds 
The  maximum  downward  extent  of  this  alteration  has  not 
been  proved  by  practical  test,  but  generally  it  is  only  super- 
ficial, though  in  a  few  places  a  partial  alteration  extenda 
to  considerable  depths. 

In  the  initial  stage  of  decomposition,  the  silicate  becomea 
coated  with  a  thin,  black  film  of  oxide,  or  black  specks  are 
formed  throughout  the  mass,  which  grow  larger  and  more  nu« 
merous  as  decomposition  proceeds.  The  appearance  of  a  blade 
film  is,  however,  the  most  common  form  of  initial  alteration, 
and  this  gradually  extends  into  the  deposit  along  the  faces  of 

*  A  possible,  though  not  certain  exception  to  this  is  the  SpiUer  mine,  where  most  of 
the  ore  deposit  eren  at  a  depth  is  oxide.    The  oxide  here  may  possibly  represent  the  original 
i^ndition  of  the  ore  and  may  not  have  been  derired  from  the  silicate,  though  the  latter  ta 
ted  with  it.    (See  SpiUer  mine.) 
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the  joint  cracks,  giving  a  section  of  the  deposit  the  appear- 
ance of  a  brown  or  yellow  mass  streaked  by  straight  parallel 
and  intersecting  lines.  The  film,  as  decay  goes  on,  becomes 
thicker  and  thicker  nntil  it  almost  entirely  replaces  the 
silicate,  and  a  section  of  the  bed  has  the  appearance  of  a 
black  body  studded  with  irregularly  shaped  masses  of  brown 
or  yellow  silicate.  These  grow  fewer  and  smaller  in  the  fur- 
ther stages  of  decomposition,  until  they  disappear  altogether, 
and  the  whole  bed  is  converted  into  a  highly  siliceous  oxide. 
In  the  final  stage  of  decomposition  the  ore  is  often  spotted 
with  small  earthy  inclusions,  probably  representing  a  part  of 
the  siliceous  remains  of  the  original  silicate.  When  the  sili- 
cate contains  crystals  or  segregations  of  quartz  or  interbedded 
lenticular  strata  of  the  same,  similar  associations  occur  in 
the  oxide. 

Float  ore. — It  has  been  noted  by  the  miners  in  this  region 
that  loose  fragments  of  ore,  known  as  "  float  ore,*'  of  good 
quality  and  composed  almost  entirely  of  oxide  of  manganese 
are  frequently  found  on  the  surface ;  yet  when  they  work 
into  the  deposit  from  whith  these  appear  to  have  come,  they 
find  it  ia  composed  almost  entirely  of  the  silicates  of  man- 
ganese. This  leads  them  to  believe  that  they  have  not  found 
the  right  deposit,  and  has  been  the  cause  of  many  a  fruitless^ 
search  for  the  supposed  hidden  lead,  which,  it  is  unnecessary 
to  say,  is  rarely  found.  The  float  specimens  have  doubtless 
come  from  the  deposit  of  silicate,  but  they  represent  frag- 
ments ot  the  crust  of  oxide  formed  on  the  surface  of  that 
mineral,  or  else  fragments  of  the  original  silicate  which  have 
broken  loose  from  the  main  body,  have  been  freely  exposed 
on  the  hillsides  to  the  altering  action  of  atmospheric  in- 
fluences, and  have  been  completely  converted  to  oxide;  while 
the  main  deposit,  being  better  protected  from  these  influ- 
ences, is  still  mostly  in  an  unaltered  state. 

Commercial  value  of  the  manganese  ores. — The  oxides  are 
the  only  ores  of  manganese  in  the  central  Texas  region  that 
can  at  present  be  used  as  a  source  of  manganese,  as  the  sili- 
cates contain   too  large  a  percentage  of  silica  (28  to  37  per 
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cent)  to  be  applicable,  according  to  present  standards,  for 
such  purposes.  The  considerable  percentage  of  lime  in  some 
of  the  silicates,  however,  might  permit  their  use  as  admix- 
tures with  better  ores. 

The  table  of  analyses  given  below  represents  the  com- 
mercially important  features  of  the  manganese  ores  of  the 
central  Texas  region. 

Analysis  No.  1  was  kindly  furnished  the  Survey  by  Mr. 
D.  M.  Barringer  of  Philadelphia. 

Analyses  Nos.  2-6  inclusive  were  made  for  the  owners 
of  the  mine,  the  Wakefield  Coal,  Iron  and  Land  Improvement 
Company. 

Analyses  Nos.  7-10  have  already  been  given  in  the  dis- 
cussion of  the  mineralogical  nature  of  the  ores,  but  they  are 
presented  here  in  a  different  form  in  order  to  bring  out  their 
commercially  important  features. 

Analyses  Nos.  1,  2,  4,  and  6  represent  the  best  grades  of 
ore  found  on  the  Spiller  property.  Analysis  No.  3  repre- 
sents the  more  siliceous  ore  from  tlie  same  property. 

Analyses  of  manganese  ores  from  central  Texas. 


LOCALITY. 

Mangan- 
tse. 

Iron. 

Silica. 

Phoa- 
pliorus 

Lime. 

ANALYZED  BY 

(1)  Spiller  mine 

<2)           "       " 
13)          "        " 

{*)          "       " 
<5)           '•        " 
<6)           "        •' 
H)  KothmaoD  tract 

U) 

(9)  "             " 

(10)  Horse  Mountain 

67.87 
64.60 
48.54 
66.57 
61.59 
^2.75 
15.57 
28.79 
45.58 
24.60 

1.28 
2.22 
3.80 
1.10 

5.28 
10.22 
21.12 

5.85 

9.70 
87.24 

36.24 
28.57 

85.98 

0.012 
0.012 
0.024 
0,042 
0.('25 

Booth,  Garrett  and 
Blair. 
DaTenpori  Fisher. 

Darenport  Fisher. 

Carnegie  Bros.  A  Co. 

W.  J.  Battle. 

R.  N.  Brackelt 

•  ••••MM 

•  •••0«*« 

21.82 

11.14 

8.86 

3.22 

10.16 
2.04 
0,80 
8.48 

<<        (•        «« 

«        ti        <( 

W.  A.  Noyrs. 
W.  H.  Melville. 

nooe 
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The  following  table  quoted  from  Dr.  Comstock's  report 
:^ives  additional  analyses  of  the  manganese  ores  from  the  Spiller 
mine : 

AncUyaea  of  manganese  ores  from  the  Spiller  mine,  Texas.  * 


Manganese  peroxide ^ 

Manganese  sesquioxide^ 

Manganese  protoxide 

Ferric  oxide ) 
Alumina       ) 

Lime ~... 

Magnesia 

Water 

Phosphoric  acid 

Sulphuric  acid 

Silica 

ToUl 

Metallic  manganese. 
Phosphorus 


66.68 


9.00 

8.05 
1.81 


trace 
trace 
11.47 


100.28 


51.88 
trace 


1.48 
86.12 


7.50 

8.90 
trace 


trace 


46.15 


100.15 


26.07 
trace 


trace 


29.04 

18.85 

9.74 
trace 


trace 


48.10 


100.28 


22.48 
trace 


8.06 
66.64 


7.68 

0.73 

trace 

8.00 


19.18 


100.19 


48  J» 


MODE   OF   OGOURRBNOB   OF  THE   MANGANESE   ORES. 

Both  the  oxides  and  the  silicates  of  manganese  occur^  so  far 
B")  observed,  as  lenticular  layers  in  the  quartzitea  and  gneisses  • 
They  have  not  been  seen  anywhere  to  cut  across  the  enclosing 
beds,  but,  on  the  contrary,  appear  to  follow  the  strike  of  the 
country  rocks  throughout  their  folds.  They  are  not  confined  to 
one  kind  of  rock,  but  have  been  observed  in  at  least  two  differ- 
ent associations :  at  tbe  Spiller  mine  they  are  in  the  quartzite, 
while  at  the  Kothmann  property  and  on  Horse  Mountain  they 
>are  in  gneisses.  Though  the  manganese  deposits  are  probably 
lenticular,  alternately  thinning  out  and  appearing  again  beyond, 
ihey  are  often  traceable  for  considerable  distances,  in  some  places 
for  half  a  mile  or  more.  They  vary  from  a  few  inches  to  sev- 
-eral  feet  in  thickness  and  crop  out  along  the  summits  and  slopes 
of  the  mountains.  They  frequently  contain  lenticular  strata  of  a 
similar  nature  to  the  enclosing  rocks. 

*  T.  B.  Comsiock,  Preliminary  Report  on  tbe  Geology  of  the  Central  Mineral  Region  of 
Texas,  First  Annual  Report,  Geological  Surrey  of  Texas,  1890,  E.T.  Dumbie,  Sute  Geologist, 
fK  316.    The  analyses  were  made  by  Mr.  L.  Magnenat  of  the  same  Survey. 


k 


442  ANNUAIi  REPORT  8TATB  QBOLOOIST. 

DESCRIPTIONS  OF   LOCALITIES. 

The  Spiller  mine, — The  Spiller  mine  is  in  Mason  coantjr^ 
fifteen  miles  northeast  of  the  town  of  Mason,  and  is  the  propertjr 
of  the  Wakefield  Coal,  Iron  and  I/and  Improvement  Company.,. 
It  has  been  prospected  by  diamond  drill  borings  and  small 
shafts,  but  no  quantity  of  ore  has  been  shipped  and  no  work  ia. 
being  done  at  present.  The  nearest  railway  point  is  Burnet  in 
Burnet  county,  on  the  Austin  and  Northwestern  Railroad,  about 
sixty  miles  east-by- south  from  the  property. 

The  rock  enclosing  the  ore  is  composed   mostly   of  a  bard». 
bedded  quartzite  of  a  white,  gray,  or  light  red  color.     It   often. 
contains  small  quantities  of  mica  and  is  in  places  interbedded 
with  micaceous  schist  and  feldspathic  rocks.     The  weathered 
part  of  the  quartzite  assumes  a  sandy  structure  and  often  has  the* 
appearance   of  a   fine   grained,  friable    sandstone.      Specimena 
brought  up  in  the  diamond  drill  borings,  however,   are    of  a 
massive,   vitreous   nature,  and   no   grains  of  sand  are  visible*. 
The    rocks    are    much    disturbed  and  strike  from    north    and 
south  to  northwest  and  southeast ;  they  dip  from  almost  horizon* 
tally  to  45°  or  more  west  to  southwest. 

These  rocks  form  the   mass  of  a  hill  running  in  a  general 
north  and  south  direction  and  rising  several  hundred  feet  above 
the  surrounding  level.     The  eastern  slope  is  steep  and  rugeed* 
and  the  edges  of  the  rocks  are  exposed  in  ledges  dipping  into  the 
hill  at  sharp  angles.     The  western  slope,  however,  is  much  more- 
gentle  and  here  the  rocks  are  sometimes  almost  horizontal.     It 
is  on  this  slope  that  the  manganese  has  been  found,  occurring  aa. 
interbedded  lenticular  layers  in  the  quartzite.     The  ore  isahard^ 
steel-gray  oxide,  blending  into  a  softer,  fine  grained,  crystalline 
pyrolusite.     It  is  associated  with  a   yellow   manganese-bearing 
silicate  which   looks   like   the  spessartite   (manganese-alumina- 
garnet)    described  on  page  434,  and   frequently   the  silicate  ia 
studded  with  black  spots  of  oxide  of  manganese.     In  such  casea. 
the  silicate  has  become  porous  and    soft,  and    shows   signs   of 
decay.     Most  of  the  bed,  however,  where  exposed,  is  in  the  fom^ 
of  oxide,  and  a  number  of  diamond  drill   borings  prove  that. 
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ore  to  compose  almost  the   whole  of  the  bed  even  at  coDsider- 
able  depths. 

The  ore  bed  is  exposed  at  several  places  and  runs  parallel 
to  the  directioQ  of  the  hill.  The  thickest  outcrop  seen  on  the^ 
surface  was  three  feet  of  solid  ore.  Beneath  this  is  a  mixture  of 
oxide  and  the  yellow  silicate  interbedded  in  thin  lenticular  sheets 
with  quartzite. 

The  outcrops  of  the  ore  deposit  on  the  surface  are  not  con- 
tinuous;  but  are  seen  at  intervals  along  the  slope,  separated  by 
areas  of  quartzite.  These  isolated  exposures,  however,  appear 
to  occupy  the  same  stratigraphic  position  in  the  quartzite,  and 
it  is  probable  that  further  development  of  the  property  will  show 
that  the  ore  deposit  is  made  up  of  a  series  of  lenticular  bodies 
following  this  position  Iti  the  quartzite  and  varying  in  thickness. 
and  lateral  extent. 

Two  small  shafts  have  been  sunk  on  the  property.  One 
was  worked  several  years  ago  to  obtain  manganese  ore  as  a 
source  of  silver,  which  is  said  to  be  present  in  small  quantities  ; 
and  the  second  shaft  was  sunk  by  the  present  owners  of  the 
property  in  prospecting  for  manganese.  About  twenty-nine 
diamond  drill  borings  have  been  made  in  prospecting  the  prop- 
erty and  in  many  of  them  ore  has  been  found.  Analyses  of  the 
ore  from  this  property  are  given  on  pages  440-441. 

Tke  Kothmann  tract. — The  Kotbmaun  tract  is  three  miles, 
southeast  of  the  Spiller  mine  and  has  been  prospected  by  a  few 
small  pits,  but  no  extensive  work  has  been  done.  It  is  on  a 
ridge  rising  260  feet  above  the  surrounding  drainage,  running 
iu  a  general  north  and  south  direction,  and  composed  mostly  of 
gneisfcs,  with  micaceous  and  garnetiferous  schists.  The  gneisses,, 
however,  form  the  mass  of  the  hill.  The  rocks  strike  in  the 
general  direction  of  the  hill,  and  dip  vertically  or  almost 
so,  sometimes  inclining  a  little  to  the  east  or  west.  The  man- 
ganese occurs  in  the  form  of  silicates,  which  exist  apparently  in 
lenticular  beds  in  the  country  rock.  The  silicates  are  more  or 
less  oxidized  and  stained  black  on  the  surface.  Three  of  these- 
deposits  have  been  found  on  the  hill  and  one  of  them  ia  tt^^^- 
able  for  about  half  a  mile  along  the  a\ope.    T\\^n[  lc^\oH^  ^  ^<^  W'^ 
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as  been,  the  same  dip  and  strike  as  the  enclosing  rocks  and 
conform  to  all  their  disturbances,  running  in  parallel  belts  at 
diflerent  levels  along  the  west  slope  of  the  hill. 

The  lowermost  bed  on  the  hillside  is  composed  of  the  man- 
ganiferous  garnet  (andradite)  described  under  (a),  page  435,  and 
frequently  contains  subordinate  veins  and  pockets  of  transparent 
^uarfz.  It  varies  from  two  to  ten  feet  in  width  and  is  traceable 
for  almost  half  a  mile  along  the  slope  of  the  ridge*  It  is 
much  jointed  and  readily  breaks  into  blocks.  The  surface  of 
the  blocks  and  the  faces  of  all  the  joint  cracks  are  stained  black 
by  the  oxidation  of  the  silicate.  This  decomposition  product  is 
"in  some  places  simply  a  film  covering  the  unaltered  interior,  bat 
in  others  it  extends  an  inch  or  more  into  the  silicate  and  forms  a 
'black  crust  of  oxide,  either  of  a  light,  porous  consistency  or  of  a 
heavier  and  more  massive  nature.  Frequently  the  bed  is  divided 
longitudinally  by  subordinate  layers  of  gneiss  or  schist;  and 
crystals  of  black  mica  (biotite)  from  a  half  to  one  inch  in  diam- 
eter are  sometimes  imbedded  in  the  silicate.  The  deposit  dips 
vertically,  trending  locally  a  little  to  the  east  or  west,  and  varying 
^ith  the  condition  of  disturbance  of  the  euclosing  rock. 

Ttie  manganiferous  garnet  described  under  (6),  page  435, 
occupies  a  belt  running  parallel  to  this  bed,  but  at  an  elevation 
of  about  fifteen  feet  higher  on  the  hillside,  and  about  a  hundred 
feet  distant  on  the  slope.  It  is  in  an  impure  state  and  is  associ- 
ated with  feldspar,  hornblende*,  and  biotite.  The  garnet  is  much 
jointed  and  the  surfaces  of  the  joint  cracks  are  coated  with  the 
black  oxide  in  the  same  way  as  in  the  last  deposit. 

This  material  is  not  so  continuDUs  as  the  last  and  it  often 
runs  out  altogether,  appearing  again  farther  on.  Where  it  dis- 
appears its  place  is  taken  by  quartz,  feldspar,  etc.,  occupying  the 
same  position  as  the  silicate  of  manganese  occupies  elsewhere, 
lu  some  places,  however,  the  bed  seems  to  thin  out  altogether 
and  the  enclosing  gneisses  come  together,  separating  again 
beyond.  The  silicate  of  manganese,  where  found,  varies  from 
one  to  three  feet  in  thickness. 

At  the  southern  end  of  this  deposit  the  tephroite  or  pro- 
toxide silicate  of  manganese,  described  on  pages  486-437,  occurs* 
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It  is  three  feet  ia  thickness  and  is  much  jointed,  breaking  into, 
blocks  which  are  often  blackened  and  converted  into  oxide  for  a 
distance  of  two  or  three  inches  in  from  their  surfaces;  while  in 
some  cases  only  a  small  kernel  of  the  original  silicate  remains*. 
The  silicate  has  decayed  more  extensively  here  than  anywhere- 
else  on  the  hill,  but  the  decomposition  is  only  local  and  no  great 
amount  of  oxide  occurs. 

On  the  summit  of  the  hill  is  another  outcrop  of  a  silicate  of^' 
manganese  apparently  similar  to  that  described  under  (a)  on^ 
page  435. 

Black  fragments  of  oxide  of  manganese  containing  a  com-, 
paratively  small  quantity  of  silica  are  frequently  found  on  the> 
slopes  of  the  hill.  They  are  derived  in  a  manner  explained  on 
page  439,  from  the  surface  oxidation  of  loose  masses  of  the 
silicates  already  described,  and  do  not  point  to  any  large  body 
of  ore  in  the  oxide  form. 

The  following  analyses  represent  the  composition  of  the* 
different  varieties  of  manganese  minerals  from  this  property. 
They  have  already  been  given  in  the  description  of  the  mineral- 
ogical  nature  of  the  ores  (pages  434-437),  but  are  presented  in  a 
different  form  here  to  bring  out  their  commercially  important 
features. 

Analyses  of  manganese  ore    from  the  Kothmann  tract,  Texas. ^ 

1.  2.                3. 

Manganese 15.57  23.79  45.58 

Iron 21.82  11.14  3.86 

Silica 87.24  36.24  28^7 

Phosphorus 

Ume 10.16  2.04  0.30 

Horse  Mountain. — Horse  Mountain  is  in  Llano  county,  five- 
miles  north  of  the  town  of  Llano.  Manganese  has  been  found 
on  its  eastern  slope,  on  the  property  of  Mr.  Griffey.  The  rocks 
of  the  mountain  consist  of  fine  grained  gneisses,  occasionally 
associated  with  coarser  varieties  of  the  same  rock,  and  cut  by  veins 

*  The  nambers  1,  2,  and  3  of  theaDalyaea  correspond  respeotiTely  to  Noa.  (a)  aBdl(6>, 
on  page  485,  and  No.  8  on  page  436. 
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of  transparent  or  milky  quartz.  The  fine  grained  gneiss  often 
assumes  a  shaly  structure  on  the  weathered  surface.  The  rocks 
dip  in  a  general  westerly  direction  at  angles  varying  from  20^  to 
40^,  and  strike  in  a  general  north  and  south  direction.  The 
manganese-bearing  deposit  is  interbedded  with  the  gneisses  and 
reaches  a  maximum  thicknessi  where  seen,  of  two  feet.  J[t  is 
composed  mostly  of  the  yellow  manganese-alumina-garnet 
{spessartite)  described  on  page  433,  and  is  associated  with  veins 
and  crystals  of  transparent  or  smoky  quartz,  or  interbedded  with 
lenticular  layers  of  the  same  material  and  of  the  country  gneiss. 
It  also  contains  disseminated  particles  of  magnetite.  The  garnet 
has  in  some  places  been  mostly  altered  into  an  oxide,  and  in  a 
small  stripping  made  on  part  of  the  bed,  a  thickness  of  one  foot 
of  oxide,  associated  with  thin  layers  of  quartz  is  exposed.  Even 
where  the  garnet  has  not  been  completely  altered,  it  almost 
always  shows  the  action  of  surface  oxidation  in  the  small  black 
€pecks  of  oxide  of  manganese  on  it^  surface. 

The  garnet  is  of  irregular  distribution,  in  some  places  thin- 
ning out  altogether,  and  in  others  reaching  a  thickness  of  from 
one  to  two  feet,  or  impregnating  the  gneiss  in  grains  or  as  a 
yellow  coloring  matter.  It  is  traceable  at  intervals  for  400 
yards  along  the  eastern  slope  of  the  mountain  and  strikes  in  the 
same  direction  as  the  enclosing  rocks. 

On  the  same  slope  of  the  mountain,  but  lower  down  and  a 
few  hundred  feet  north  of  the  openings  mentioned  above,  is  a 
small  outcrop  of  a  dark  brown  manganese-bearing  silicate 
apparently  similar  to  the  garnet  described  first  at  the  Kothmann 
proi)erty. 

A  mineral  which  resembles  the  yellow  garnet,  spessartite, 
described  above,  occurs  in  small  quantities  in  association  with 
magnetic  iron  ore  about  half  a  mile  from  this  locality  and  near 
the  foot  of  the  mountain. 

The  following  analysis  represents  the  composition  of  the 
ore  on  this  property.  The  analysis  is  part  of  that  made  by  Dr. 
W.  H.  Melville  and  already  given  on  page  434  in  the  discussion 


• 


THE  MANeANBSB  DEPOSITS  OF  TEXAS.  447 

x>f  the  rnineralogical  nature  of  the  ore,  but  it  is  presented  here 
in  a  different  form  in  order  to  bring  out  its  commercially 
important  features : 

Analysis  of  manganese  ore  from  Horse  Mountain^  Texas. 

MaogftDeeo ^ 24.tH) 

Iron ^ ^„    3.22 

Silica 85.98 

Phospboroi m.. none 

Lime ^ » 8.48 


k 


CHAPTER  XVII. 

THE    MANGANESE    DEPOSITS    OF     THE     ROCKY 

MOUNTAINS. 

LOCATION   AND  GENERAI.  FEATURES   OP    THE   DEPOSITS. 

Manganiferous  silver  ores  are  of  freqaeDt  occurrence  in  the 
Bockj  Mountain  region  from  the  Canadian  border  on  the  nortbi 
to  and  beyond  the  Mexican  border  on  the  south,  but  ores  suitable- 
for  use  as  a  source  of  manganese  are  rare  in  that  region,  and,  so 
far,  have  been  found  only  in  Colorado.      Manganiferous  silver 
ores  are  much  more  valuable  for  their  contents  of  silver  than  of* 
manganese,  and  as   they  cannot  be  used  as  a  source  of   both 
metals,  the  more  valuable   use  of  course  prevails.     Such  ores^ 
even  if  they   were  not  consumed  for  their  silver  contents,  are 
rarely  of  such  a  quality  or  in  sufficient  quantities  to  make  them, 
a  desirable  source  of  manganese. 

Colorado  is  an  exception  to  this  rule  and  in  that  state^ 
especially  at  Leadville,  some  of  the  silver-beariug  deposits  cen- 
tain  a  considerable  quantity  of  manganese  and  manganiferous 
iron  ores,  which  are  used  as  a  source  of  spiegeleisen  and  ferro* 
manganese.  Elsewhere  in  the  Rocky  Mountains,  however^ 
though  the  ores  are  not  used  for  these  purposes,  the  manganese 
in  them,  when  in  the  form  of  oxide,  is  valuable  as  a  fluxing 
material  in  extracting  the  silver,  and  is  paid  for  at  the  same  rate 
as  iron  (10  cents  per  unit)  at  the  various  smelting  works  where 
silver  ores  are  treated.  For  this  reason,  manganiferous  silver 
ores  are  often  mixed  with  other  more  refractory  silver  ores  to 
assist  in  the   process  of  smelting. 

Up  to  the  present  time  (Deeember,  1890,)  the  only  man- 
ganese ores  in  the  Rooky  Mo  untains  that  have   been  mined  ta 
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any  considerable  extent  as  a  source  of  manganese  for  the  manir- 
facture  of  spiegeleisen  or  ferro-manganese,  or  in  fact  for  any  pur- 
pose other  than  for  use  in  smelting  silver  ores^  are  those  of 
Colorado^  especially  of  the  Leadville  district.  These  ores  are- 
used  by  the  Colorado  Coal  and  Iron  Company  of  Pueblo^  and 
lately  considerable  quantities  of  the  same  ore  are  said  to  have^ 
been  shipped  to  Chicago  and  mostly  consumed   by   the   Illinoia 

Steel  Company. 

In   addition  to  the  manganese  ores  in  the  silver   deposits^ 

considerable  quantities  of  manganese  and  manganiferous  iron 
ores  have  been  found  in  several  places  in  Colorado,  especially^ 
in  Gunnison  county,  and  with  improved  transportation  facili- 
ties and  an  increase  in  the  already  rapidly  growing  iron  indus- 
try of  that  state,  they  will  probably  before  many  years  enter  the- 
list  as  producers  of  manganese  ore. 

Besides  the  purely  manganese  ores  large  quantities  of  man* 
ganiferous  silver  ores  have  for  a  number  of  years  been  mined  in 
the  Rocky  Mountains;  and  in  some  places  manganiferous  iroi> 
ores  are  mined  for  use  in  fluxing  at  the  various  smelters.  The 
most  noted  localities  at  which  manganiferous  silver  ores  occur 
are  Butte  City,  Montana  ;  Leadville,  Colorado  ;  and  Tombstone^ 
Arizona.  At  Legal  Tender  Hill,  Silver  City,  New  Mexico,  a 
manganiferous  iron  ore  containing  about  13  per  cent  of  man- 
ganese is  said  to  be  mined  exclusively  for  fluxing  purposes. 

A  table  of  the  production  and  value  of  manganiferous  silver 
ores  mined  in  the  Rocky  Mountains  from  1885  to  1888  is  giveo 
on  page  68  of  this  report. 

NATURE,   MODE    OP  OCCURRENCE,  AND  GEOLOGIC   RELATIONS 
OF   THE   MANGANIFEROUS  SILVER   ORES. 

Manganiferous  silver  ores  are  not  confined  to  a  contents 
of  manganese  and  silver  alone,  but  frequently  carry  various 
other  metals,  among  which  are  gold,  lead,  zinc,  antimony, 
copper,  etc.  The  manganese  occurs  mostly  in  the  forms 
of  the  different  oxides  or  as  carbonate  (rhodochrosite)  and 
silicate  (rhodonite).  In  some  localities,  notably  at  Butte 
City,  Montana,  the  oxides  are  met  above  the  water  level 
of  the   country,  and  the   carbonate  and  silicate  below  that^ 

29  Geological,  V«l.  1.,  1890. 


450  ANNUAL  REPORT  STATE  GEOLOGIST. 

level,  the  first  having  origiDated  from  the  oxidation  of 
the  last  two.  Besides  these  forms,  other  rarer  manganese 
minerals  sometimes  occur  in  manganiferous  silver  ores  :  the 
sulphide  of  manganese  (alabandite)  occurs  at  Kingston  in 
New  Mexico,  and  at  Potosi  in  old  Mexico.  The  tungstate  of 
manganese  (huebnerite)  is  found  in  the  Gaguon  vein  at  Butte 
City,  Montana,  and  in  the  Mammoth  district,  Nevada.*  In 
addition  to  these  minerals  many  others  occur,  but  all  except 
the  oxides,  the  carbonate,  and  the  silicate,  are  in  very  small 
quantities  and  are  mentioned  here  simply  to  show  the  variety 
ot't">rms  under  which  the  metal  is  found  in  manganiferous 
silver  ores. 

The  manganese  minerals  are  associated  with  the  precious 
and  base  metals  in  a  gangue  of  variable  character  :  in  some 
places  the  gangue  is  calcareous,  in  others  highly  siliceous, 
and  in  still  others  highly  ferruginous.  In  the  last  case  the 
manganese  is  often  mixed  with  the  iron  in  the  form  of  a 
manganiferous  iron  ore.  The  manganese  minerals  form  a 
very  different  proportion  of  the  vein  matter  in  different 
places,  sometimes  amounting  to  less  than  one  per  cent,  and 
sometimes  to  a  large  part  of  the  whole  mass;  in  fact,  an 
oxide,  carbonate,  or  silicate  of  manganese  occasionally  forms 
the  larger  part  of  the  gangue  of  the  other  metals. 

Manganiferous  silver  ores  usually  occur  in  vein  deposits 
or  in  the  various  forms  of  contact,  chamber,  and  chimney 
deposits,  though,  as  shown  on  page  91,  stratified  manganese 
deposits  frequently  contain  small  quantities  of  silver. 

Manganiferous  silver  de{)0sits  are  not  confined  to  any 
one  series  of  rocks:  at  Butte  City,  Montana,  they  occur  in 
granite;  at  Leadville,  Colorado,  they  occur  mostly  at  the 
contact  of  Lower  Carboniferous  limestone  and  eruptive 
porphyry ;  at  Tombstone,  Arizona,  they  occur  with  a  series 
of  limestones  and  quartzites,  which  are  said  to  be  of  Lower 
Carboniferous   age.     In  each  district  they   are   marked   by 

*NearOolcoDda,  Nevada,  tungsten  is  found  in  a  bedded  dei^OHit  of  manganese  oxide, 
vhich  does  not  contMin  enough  silver  Die  to  be  classed  as  a  manganiferous  iilver  ore.  See 
description  of  the  Oolconda  deposit  in  the  next  chapter. 
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<;ertain  distiogaishing  features,  not  only  in  mode  of  occur- 
rence,  but  in  the  character  of  the  ore^  so  that  farther  general- 
izations cannot  be  given  here,  and  the  reader  is  referred  for 
details  to  the  descriptions  of  the  diflerent  localities  given  in 
this  chapter. 

NATURE  AND  MODE  OF  OCCURRENCE  OF  THE  MANGANESE   ORES. 

The  manganese  ores  of  the  Rocky  Mountains  containing 
no  silver  and  valuable  only  for  their  contents  of  manganese, 
or  of  that  and  any  iron  that  may  be  present,  are,  so  far  as 
known,  confined  mostly  to  Colorado,  with  smaller  quantities 
in  Xew  Mexico  and  elsewhere.  The  ores  exist  as  oxides 
and  are  often  associated  with  more  or  less  iron  in  the 
form  of  manganiferous  iron  ore.  In  Colorado  they  occur 
mostly  as  bedded  deposits,  or  as  pockets  and  nests  in  strati- 
fied rocks,  generally  limestones.  In  some  places  they  are 
in  considerable  quantities,  but  with  few  exceptions,  they  are 
too  far  from  railway  transportation  to  be  used  at  present. 
They  are  treated  more  in  detail  under  the  bead  of  Cebolla 
Valley  and  the  other  places  in  Gunnison  county,  Colorado. 

Besides  these  bedded  deposits,  manganese  has  been  found 
in  the  form  of  oxides  in  lava  rocks  in  several  parts  of  Gun- 
nison county.  It  occurs  as  pockets,  nests,  or  as  the  cement 
of  a  breccia,  usually  as  a  hard,  massive,  impure,  black  ma- 
terial, high  in  silica,  variable  in  phosphorus,  and  containing 
small  quantities  of  iron.  The  ore  is  probably  too  small  in 
<jaautity,  and  contains  too  much  injurious  impurity  to  be  of 
value.  It  seems  likely  that  this  ore  has  originated  by  the 
oxidation  of  manganiferpus  silicates  in  the  lava,  and  by  the 
subsequent  segregation  of  the  manganese  in  the  form  of  ox- 
ide. It  is  possible  for  such  deposits  to  occur  with  any  igneous 
rocks  that  contain  manganiferous  silicates.  Two  localities  of 
such  ores  are  described  in  this  chapter,  one  in  Steuben 
Valley,  the  other  near  Sapinero,  both  in  Gunnison  county, 
Colorado. 

THE  MANGANIFEROUS  SILVER  DEPOSITS  OF  MONTANA. — Butte  City 

General  features. — Manganiferous  silver  ores  are  found 
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in  greater  or  less  quantities  in  all  the  silver-bearing  veins  or 
Batte  City,  Montana.    They  are  not  used  as  a  source   of* 
manganese  for  reasons  already  explained,  but  the  presence 
of  that  metal^  by  reason  of  its  fluxing  qualities,  gives  them 
a  value  in  addition  to  that  of  the  silver  they  contain.     Not 
only  are  these  ores  of  value  in  fluxing,  but  when  in  the  form^ 
of  oxide,  according  to  Richard  Pearce,*  they  act  as  oxidizers, 
for  the  zinc  blende  which  occurs  with  almost  all  of  the  Butte 
City  silver  ores. 

The  country  rock  at  the  Butte  City  mioes  is  a  gray  granite, f^ 
which  is  divided  by  Dr.  S.  F.  Emmons]:  into  two  varieties,  the 
"  Butte  granite  "  and  "  Bluebird  granite. "     The  former  is  de- 
scribed as  a  ^'  rather  dark-colored  rock,  of  moderately  coarse  bat. 
very  even  graio,  consisting  of  quartz,  orthoclase  and  plagioclase 
feldspars,  and  as  basic  constituents,  of  which  it  has  an  uousually 
large  proportion,  of  mica^  hornblende,  and  augite.'^     The  ^^Blue- 
bird  granite^'  is  described  as  *'a  light-colored  rock  composed 
almost  exclusively  of  quartz  and   orthoclase  with  a  very  little 
biotite.   *     *    *  In  certain  transition-specimens  a  white  opaqae 
feldspar  can  be  distinguished  from  the  pinkish  orthoclase,  which 
is  probably  triclinic,  and,  with  the  increase  in  this  constituent^ 
the  mica  increases  correspondingly. " 

Two  classes  of  ore  deposits,  differing  markedly  in  the  char« 
acter  of  their  metalliferous  contents,  have  been  distinguished  ia 
this  region : 

(1)  Silver-bearing  deposits,  always  containing  manganese 
associated  with  quartz,  and  carrying  pyrite,  galena,  sphalerite^ 
and  the  other  sulphides.     Copper  is  either  in  small  quantities 
or  entirely  absent. 

(2)  Copper-bearing  deposits,  containing  a  variable  quan- 
tity of  silver  and  little  or  no  manganese  or  sphalerite.  The 
common  minerals  are  chalcocite,  chalcopyrite,  bornite,  enargite^ 
and  variable  quantities  of  iron  pyrites. 

*  Trans.  Amer.  Inst.  Mug.  Eng.,  Vol.  XL,  1882-S,  p.  69. 
t  E.  n.  PeUn,  Jr.,  Mineral  Resources  of  the  United  States,  1888-84,  p.  876. 
8.  F.  Emmons,  Amer.  Inst,  Mng.  Eng.,  1587-88,  Vol.  XVI.,  pp.  61-62. 
W.  P.  Blake,  Ibid.,  1887-88,  Vol.  XVI.,  p.  67. 
J  Ibid.,  pp.  61-62. 
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It  will  be  seen  that  while  the  silver  deposits  are  character- 
ized by  the  presence  of  manganesci  the  copper  deposits  are  charac- 
terized by  an  entire  or  almost  entire  absence  of  it.  Both  classes 
of  deposits  occur  in  the  same  neighborhood,  but  are  grouped 
together  separately,  the  silver  veins  lying  to  the  west  and  north, 
"and  the  copper  veins  lying  to  the  east  and  south. 

In  the  silver  deposits,  the  manganese  near  the  surface,  and 
generally  down  to  the  water  level  of  the  country,  is  in  the  form 
of  the  various  oxides.  E.  D.  Peters,  Jr.,*  states  that  it  occurs 
as  pyrolusite,  psilomelane,braunite,  and  wad,  named  in  the  order 
of  their  abundance,  the  wad  being  comparatively  rare.  The 
percentage  of  silver  varies  greatly  and  is  usually  largest  when 
the  manganese  is  in  small  quantities,  and  least  when  that  material 
forms  the  bulk  of  the  ore  (Peters.)  When  manganese  is  in 
small  quantities  its  place  is  commonly  filled  by  quartz.  In  the 
oxidized  parts  of  the  deposits,  above  the  water  level,  the  gangue 
is  blackened  by  the  oxides  of  manganese  which  obscure  the 
other  constituents ;  but  below  that  level,  surface  influences  have 
not  alTpcted  the  gangue,  and  the  different  minerals  occur  m  their 
original  unoxidized  condition.  The  blackened  quartz  gangue  is 
replaced  by  pure  white  or  transparent  quartz,  associated  with  pink 
si  lieatt;  of  manganese  (rhodonite)  and  carbonate  of  manganese 
(rhodoehrosite).  In  this  gangue  are  found  crystals,  nests,  and 
ramifying  veins  of  the  sulphides:  sphalerite,  pyrite,  chalcopyrite, 
«nd  galena,  the  la^t  two  occurring  in  limited  quantities,  and  all  of 
them  forming  from  less  than  3  per  cent  to  rarely  over  5  per  cent 
ot  the  gangue  rock.f  Quartz  usually  forms  the  larger  part  of  the 
gangue,  though  the  mixture  of  silicate  and  carbonate  of  mangan- 
ese, called  by  the  miners  *'pink  manganese/'  forms  an  appreciable 
percentage,  and,  in  some  places,  though  rarely,  comprises  most  of 
the  gangue.  Such  ores  occur  in  the  Lexington,  Moulton,  Alice, 
Magna  Charta  and  many  other  mines  on  the  Rainbow  and  other 
lodes. 

The  following  analyses  quoted  from  Mr.  Peters,  repre- 


*>  Mineral  Resources  of  the  Uoitel  States,  1883-84,  p.  879. 
t  E.  D.  Peters,  Jr.,  Ibid.,  p.  880. 
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B3nt  the  composition  of  three   samples  of  manganiferou» 
silver  ores  from  the  Butte  City  region. 

Analyses  of  manganiferous  silver  ores  from  Batte  CUy^  Montana.^ 

Manganew  oxides...  88.40  47.60  21.000 

Iron  oxides 8.20  12.40  7.700 

Silica 6.  GO  34.20  66.400 

Alamioa 8.70  2.400 

SilTor ^ «,.    0,03  0.1 1  0.275 

(Qouncea)  (82  ounces)  (80  ounces) 

Sulphur trace 

Moisture  and  loss...    1.77  1.99  2.226 

100.00  100.00  100.00 

These  analyses  show,  as  explained  by  Mr.  Peters,  t he- 
increase  of  the  quantity  of  silver  with  the  decrease  of 
manganese. 

ITie  Rainbow  lode. — In  the  Rainbow  lode,  according  to 
Professor  William  P.  Blake^f  the  oxidation  has  extended 
downward  for  a  depth  of  from  150  to  200  feet,  and  the  vein  rock 
is  rusty  from  iron  or  black  from  manganese.  Below  that  level^ 
however  the  undecomposed  sulphides  of  iron,  zinc,  lead,  and 
silver  are  found  associated  in  a  gangue  of  quartz  and  carbonate  of 
manganese.  Metallic  silver,  in  the  form  of  wire-silver  or  thia 
films,  is  found  not  only  in  the  vein  rock  but  also  in  the  granite. 
*^ horses''  in  the  vein.  Gold  also  forms  one  of  the  constituents 
of  the  vein. 

The  carbonate  of  manganese  is  thri  most  characteristio* 
mineral  in  the  lode,  and  it  occurs  in  both  the  massive  and  crys* 
talline  forms.  When  freshly  mined  it  has  a  clear  rose  eolor^ 
which  it  loses  on  exposure.  Quartz  is  usually  associated  with  it 
in  greater  or  less  quantities,  in  some  places  as  a  network  of  thin 
veins  containing  variable  quantities  of  metalliferous  sulphides^ 
in  others  as  finely  disseminated  material,  giving  the  rhodochrosite 
an  abnormal  hardness.  Rhodochrosite  is  found  not  only  in  the 
main  lode,  but  in  the  many  small  feeders  that  run  into  it  and 
ramify  through  the  granite  in  the  neighborhood  of  the  main  de- 

*  E.  D.  Peters,  Jr.,  Mineral  Besources  of  the  United  States,  1888-4.  pp.  379-380. 
t  Amer.  Inst.  Mng.  Eng.,  XVI.,  1887-88,  pp.  74-75. 
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posit.  Id  such  cases,  of  frequent  occurrence  are  thin  veins  lined 
on  both  sides  with  quartz  and  filled  on  the  inside  with  rhodo- 
chrosite.  Sometimes  the  quartz  is  wanting,  and  the  rhodochro- 
«ite  comes  in  direct  contact  with  the  country  granite;  while  at 
other  times  rhodochrosite  is  wanting,  and  quartz  fills  the  whole 
cavity.  The  main  lode,  however,  may  be  said,  according  to 
Professor  Blake,  to  consist  of  quartz  with  a  central  filling  of 
carbonate  of  manganese  and  ore. 

The  following  pections  by  Professor  Blake,*  made  acres* 
the  vein  at  different  levels  in  the  Alice  mine,  which  is  on  thi8> 
lode,  will  give  an  idea  not  only  of  the  mode  of  occurrence  of  the 
manganese,  but  also  of  the  relation  of  the  oxidized  and  the  Un- 
altered parts  of  the  vein. 

OroBB  sections  of  the  Rainbow  lode  at  the  Alice  mine. 

Co  level  I.,  100  feet  from  the  sarface  :  Feet. 

**i.  Granite  of  southwest  walL ^ « 

••ii.  Clay  wall « » 

"iii.  Quartz-rein  stuff  shattered  and  brokeo 27 

••iv.         ••       ••       "    first  claM  milling  ore 12 

"v.  "       **       *'    black  with  oxide  maoganese  (poor) 12 

*'vi.        ••       "        •'    *hard  ledge* ^ D 

"vii.  Granite,  northwest  wall,  country  rock — 

60 
On  level  II.,  209  feet  from  the  surface  : 

"i.      Clay  wall  mixed  with  quartz 2: 

"ii.     Black  pyriious  ore  of  high  grade ^ 1 

'*iii.    Granite  borse ^ 2r 

"iv.    Broken  and  shattered  quartz,  low  grade  ore  with  seams  and  nodular  masses  of 

niauKanese  upar 80< 

"v.      Clay  wall „ 

"vi.    Coarse  broken  quartz,  second  and  third  class  ore 12 

"vii.    Clay  wall .'. 

"viii.  Hard  quartz  ore  with  veins  of  manganese  spar,  first  and  second  class  ore,  good  In 

Slopes  above 28- 

**ix.    Granite  of   northwest  wall,  country  rock 

75 
On  level  III. : 

"i.      Granite  of  southeast  wall  at  shaft,  with  heavy  clay  wall  mixed  with  quartz ..... 

'•ii.    Flinty  qartz 11 

*'iii.    Crushed  vein-stone,  rounded  and  irr^ular  fragments 29* 

Clay  seam 

"iv.    Second  cla«s  ore  with  granite  horse , 8 

"v.      Black  day  wall,  well  defined ..... 

"vj.    Milling  ore  (drill),  Uken  out  in  parts „ 9>^ 

"vii.   Hard  quartz 8 

"viii.  Hard  quartz  ore  with  veins  of  manganese  spar ^ 12. 

ix.    Hard  country  granite  with  veinlets  of  quartz  and  of  manganese  spar « 


<< 


*  William  P.  Blake,  Amer.  Inst.  Mng.  Eng.,  Vol.  XVI.,  1887-88,  pp.  70-72. 
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At  the  700  foot  level  the  section  across  the  vein  shows  a 
width  of  forty  feet. 

The  Qagnon  vein. — As  has  already  been  stated,  the  two 
•classes  of  veins  in  the  Butte  City  district  are  characterized, 
the  one  by  a  preponderance  of  copper,  the  other  by  a  pre- 
ponderance of  silver  and  manganese.  The  Gagnon  vein, 
however,  according  to  Mr,  Richard  Pearce,*  is  an  exception 
«,nd  diflfers  in  several  respects  from  any  of  the  other  copper 
or  silver  veins.  It  is  characterized  by  a  rich  silver-  and  cop- 
per-bearing zinc  blende,  of  a  black  color,  and  generally 
massive,  though  a  few  small  crystals  have  been  found.  The 
mineral  is  supposed  by  Pearce  to  be  wurtzite.  In  the  same 
vein  are  also  found  small  quantities  of  tungstate  of  manganese, 
or  huebnerite,  which  represents  the  only  manganese  mineral 
found  at  this  mine.  As  suggested  by  Pearce,  the  absence  of 
other  manganese  minerals  in  the  Gagnon  vein  is  remarkable 
in  coDsideration  of  their  abundance  in  the  surrounding  veins. 

THE    MANGANESE     DEPOSITS    OF   COLORADO. —  GrUnnison   COUnty. 

Cebolla  Valley, — CeboUa  Valley  is  on  the  western  slope 
of  the  Rocky  Mountains,  in  the  extreme  southern  part  of 
Gunnison  county.  Manganese  and  iron  ores  have  been 
found  here  two  miles  above  Powderhorn  Post-office,  twenty- 
four  miles  southwest  of  Gunnison  City,  and  eight  miles  east 
of  the  Lake  City  branch  of  the  Denver  and  Rio  Grande  Rail- 
road. The  property  is  controlled  by  Mr.  Lewis  of  Gunnison 
City. 

The  manganese  occurs  in  limestone  in  the  form  of  pock- 
ets or  lenticular  layers,  from  one  to  four  feet  in  thickness. 
It  is  of  a  massive  or  faintly  crystalline  nature,  of  a  steel-blue 
or  black  color,  and  has  a  hardness  of  about  5.  In  some  places 
it  is  associated  with  hematite,  and  in  others  it  occurs  alone. 
It  contains  cavities  lined  or  filled  with  white  crystalline  cal- 
cite,  and  in  exposed  positions  often  has  a  porous,  honey- 
combed structure,  due  to  the  leaching  out  of  the  calcite  and 
the  included  masses  of  limestone.     The  iron  ore  has  a  bright 

*  Amer.  last.  Mng.  Eng.,  Vol.  XVI.,  1887-8,  pp.  02-64. 
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lilack  color,  a  sabmetallic  lustre,  a  deep  red  streak,  and  like 
the  maQgaoese  ore,  often  contains  nests  of  white  crystalline 
■calcite. 

The  limeBtone  eDclosing  these  ores  is  a  coarsely  crystal- 
line and  more  or  less  granular  rock  of  a  brown  or  dun  color, 
and  contains  masses  of  white  crystalline  calcite.  The  rock 
decomposes  by  first  passing  into  a  porous,  earthy  mass,  and 
then  into  a  clay.  Occasionally  it  coutains  strata  of  micaceous 
schist  which  are  often  considerably  decomposed  on  the  sur- 
face. The  rooks  strike  in  a  general  north  and  south  direc- 
tion, and  dip  at  steep  angles,  from  60°  to  80°.  They  form  a 
high  hill  on  the  north  side  of  Cebolla  Valley.* 

The  manganese  occurs  in  the  limestone  in  a  variety  of  ways> 
bat  it  always  shows  a  tendency  to  conform  to  the  bedding  of  the 
rock,  and  in  some  cases  it  is  found  in  well  defloed  lenticular 
strata.  It  often  occurs  in  pockets  or  nests,  in  very  irregular 
quantities,  sometimes  being  entirely  absent,  at  other  times  com- 
posing several  per  cent  of  the  mass  of  the  rock,  and  from  this 
increasing  until  the  pockets  run  together,  and  form  a  solid  bed. 


Figure  ST.    Sccllen  in  lU  tUi  0/  a  lunnet  so  llu    Leipii  UmJi,  OeboUa  Vallen.  ColoraA 
itotciaf  lAi  rnndt  0/  Bteumnei  iifllu  nuitjFiiwn  art. 


The  property  has  been  partly  prospected  by  a  number  of 
small  tunnels  and  shafts,  and  the  accompanying  figure,  taken 
from  the  side  of  one  of  the  tunnels,  shows  a  characteristic  mode 
-of  occurrence  of  the  ore.  The  small  bodies  of  ore  represent 
pockets  in  lines  of  bedding  in  the  rock.  The  large  body  also 
represents  a  lenticular  bedded   deposit  and,   though  more  con- 

"  It  lb  Id  b«  regretltd  tbit  furlhcr  dalaili  DOacerulDg  the  aatura  of  ths  rockn  aod  Ihs 
Btructucal  [Hturanf  IhliarHciDiiot  be  glTCn,  bat  Ihe  propcrtr,  when  eiimlned  b;  Iha 
writer,  iru  covered  bj  tnoir  which  aUscumi  much  that  mlghl  othetvliB  bin  bean  obHrved. 
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tinuous  than  the  small  ones,  it  also  doubtless  thias  out  at  i^, 
greater  or  less  depth.  Below  it,  however,  other  pockets  would 
probably  be  found,  alternately  thinning  and  thickening  again. 
just  as  those  represented  in  the  figure.  In  some  places  both 
manganese  and  iron  ores  are  found  in  the  same  opening,  and  in. 
others  each  occurs  alone.  No  ore  has  yet  been  shipped,  as  the 
distance  from  railway  transportation  has  thus  far  been  an  impedi- 
ment to  the  development  of  the  property. 

An  analysis  of  the  manganese  ore  is  given  below,  bat  it. 
represents  the  ore  in  only  one  pit,  and  is  not  an  average  sampler 
of  the  whole  property. 

Analysis  of  manganese  ore  from  Cebolla   Valley j  Colorado. 

MtDganese ^ 41.48 

Iron 8.08 

Silica.. ^ 19.68 

Phosphorus 0.86 

Cobalt trace 

Manganese  peroxide 55.90 

JSlkhorn  Mountain. — Manganese  ores  have  been  found  at 
Elkhorn  Mountain  *  in  the  southwest  part  of  Gunnison  county^ 
six  miles  north  of  the  line  of  Hinsdale  county.  They  occur  in. 
the  neighborhood  of  hematite  iron  ores. 

Taylor  River. — Large  quantities  of  manganiferous  iron  ore- 
are  also  reported  by  Professor  Regis  Chauvenet  f  as  existing  on 
Taylor  River  in  Gunnison  county,  twenty-seven  miles  north  of^ 
Gunnison   City,    and   thirteen   miles    from    the  Crested   Bntte- 
branch  of  the  Denver  and  Rio  Grande  Railroad.     In  speaking  of 
them,  he  says :     ^^A  shaft,  thirty-four  feet  in  depth,  is  all  in  ore^ 
and  drifts  in  different  directions,  of  ten  and  twelve  feet,  are  still 
in  the  same  mass.     The  same  material  is  again  struck  fifteen 
hundred  feet  away.     This,  again,  is  probably  a  great  'bedded 
deposit.' '^     The  deposit  is  a  manganiferous  iron  ore  in  which  the* 
iron  largely  predominates,  as  is  shown  by  the  following  analysis 
by  ProfeFsor  Chauvenet : 

^  Regis  CbauTenet,    Annual   Report,  State   School   of    Mines,    Golden,    Oolondo^. 
1887,  pp.  18-19. 

flbid.,  1887,  pp.  20-21. 
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Analysis  of  manganiferous  iron  ore  from  Taylor  River,  Colorado.^ 

Manganesa  protoxide 18.92 

Lime ».. 19.65 

Magneeia » 6.08 

Carbooic  acid » 21.05 

Silica 0.82 

100.88 

Manganese „ 10.78 

Iron 27.81 

Professor  Chaavenet  says  of  this  analysis : .  '^  The  carboDio- 
acid  of  this  ore  would  be  expelled  by  roastingi  or  by  treating  it 
in  a  kiln,  like  a  common  limestone.  If  we  assume,  as  we  may^. 
that  there  will  be  no  material  variation  in  the  remaining  con- 
stituents, we  would  obtain  a  product  of  the  following  composi^ 
tion : "  * 

Mangaoese  protoxide 17.62 

Ferric  oxide 49.88 

Lime 24.74 

Magnesia 7.63 

Silica 1.04 

100.41 

Manganese 18.65 

Iron 84.57 

Elk  Mountain  and  Tin  Cup, — Manganese  ores  are  i*eported 
on  Elk  Mountain  in  the  northern  part  of  Gunnison  county  ; 
and  also  near  the  town  of  Tin  Cup  in  the  eastern  part  of  the 
same  couoty. 

Steuben  Valley, — Steuben  Valley  is  in  Gunnison  county^ 
six  miles  southwest  of  Gunnison  City,  and  is  a  steep  canyon 
running  through  a  series  of  lavas  and  lava  breccias. 

Most  of  the  ore  is  fouud  in  a  breccia  composed  of  angular 
and  rounded  lava  fragments,  from  a  fraction  of  an  inch  to  several 
feet  in  diameter,  buried  in  a  sandy  material  of  the  same  nature* 
The  breccia  forms  a  more  or  less  coherent  mass,  in  some  places. 

«  Regis  ChauTenet,  Annual  Report,  SUte  School  of  Mines,  Golden,  Colorado,  1887,  p.  20.. 
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hard  and  compact^  in  others  soft  and  loose.  It  weathers  into 
narrow  upright  pillars,  often  capped  by  masses  of  rock  which 
have  protected  them  from  erosion. 

The  ore  occurs  as  a  black,  highly  siliceous  oxide  in  cavities 
in  the  breccia,  and  frequently  forms  the  matrix  in  which  the  lava 
fragments  are  imbedded.  Its  distribution  is  irregular,  and  it  is 
seea  only  on  the  east  side  of  the  caoyou,  where  it  sometimes  im- 
pregnates the  bed  for  vertical  and  lateral  distances  of  fifty  and 
sixty  feet,  and  probably  in  places  for  considerably  greater  dis- 
tances. Sometimes  the  fragments  of  lava  have  decomposed  into 
a  fine  powder  which  has  been  stained  black  with  manganese. 

Besides  the  ore  in  the  breccia,  however,  manganese  some- 
times occurs  in  the  massive  lava:  in  the  bottom  of  the  canyon  a 
low,  narrow  ridge  runs  north  and  south,  and  is  composed  largely 
of  a  black  material  resembling  obsidian  and  containing  scattered 
white  or  transparent  crystals  of  feldspar.  On  the  top  of  the 
ridge  is  an  exposure  of  a  yellow,  brittle,  hard,  translucent  rock 
with  a  conchoidal  fracture,  and  containing  small  nests  and  seams 
of  a  milky  white,  siliceous  material,  probably  opal  or  chalcedony. 
The  rock  is  cut  by  veins  of  blue  and  red  quartz.  Manganese 
occurs  in  this  rock  as  nests  and  veins  from  half  an  inch  to 
six  inches  in  thickness.  The  ore  is  black,  massive,  very  hard 
and  compact,  and  has  a  glossy,  conchoidal  fracture.  The  rock 
carrying  the  ore  seems  to  occur  as  an  oblong  pocket  about  four 
feet  wide.  The  length  of  the  deposit  carrying  this  ore  is  not 
seen,  as  the  ground  is  largely  covered  by  detritus,  but  it  is  prob- 
ably limited. 

A  stain  of  manganese,  or  thin  veins  the  thickness  of  a  sheet 
of  paper,  are  frequently  seen  elsewhere  in  the  solid  lavas,  es- 
pecially in  the  beds  which  cap  the  sides  of  the  canyon  and  overlie 
the  breccia,  but  it  is  in  only  very  small  quantities. 

The  following  analysis  shows  the  composition  of  the  ore 
from  this  locality.  The  sample  analyzed  is  said  to  have  con- 
fined a  considerable  quantity  of  siliceous  gangue,  and  there* 
fore  shows  more  silica  than  the  ore  normally  contains: 


^ 
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Analysis  of  manganese  ore  from  Steuben  Valley  ^  Colorado,^ 

ManganeM 86.60 

Iron 5.64 

Silica „ 85.82 

Phosphorus 0.116 

Manganese  peroxide 62.80 

Sapinero. — MaDganeee  occurs  four  miles  south  of  Sapiuero,. 
which  is  in  Gunnison  county,  Colorado,  on  the  Denver  and  Rio^ 
Grande  Railroad,  about  thirty  miles  west  of  Gunnison  City. 

The  ore  is  a  black,  highly  siliceous  oxide,  sometimes  show- 
ing a  finely  granular  structure.     It  occurs  in  kidney-shaped  or 
mammillary  forms,   in   pockets  from  one  inch  to  four  feet  in 
diameter;  or  as  a  network  of  thin  veins,  from  an  eighth  of  an 
inch  to  one  inch  in  thickness,  in  a  breccia  somewhat  similar  to. 
that  described  at  Steuben  Valley.     The  rock  is   composed  of 
lava  fragments,  from  one  to  twenty- four  inches  or   more  in  di- 
ameter, buried  in  a  sandy  matrix  composed  of  grains  of  the  same 
materiah     This  bed  is  overlain   by  a  massive  lava  sheet,  oc- 
casionally stained  by  manganese,  but  containing  no  quantity  of 
that  ore.     The  breccia  directly  overlies  a  large  bed  of  sedimentary 
sandstone,   considerably   cross-bedded,   varying  from   soft  and 
friable  bo  hard  and  flinty,  and  in  color  ranging  from  white  to. 
yellow  or  rusty  brown.     On  the  geologic  map  of  the  Hayden 
Surveyt   this  rock   is  represented  as  Cretaceous.     It  is  almost 
horizontal  and  rests  immediately  upon  crystalline  rocks. 

The  following  analysis  of  the  ore  from  this  locality  showa. 
its  composition : 

Analysis  of  manganese  ore  from  Sapinero,  Colorado, 

Manganese 27.94 

Iron 2.63 

Silica 81.19 

Phosphorus 0.49 

Cobalt trace 

Manganese  peroxide.. 89.67 

It  will  be  observed  that  the  ore  is  low  in  manganese  and\^ 
high  in  the  injurious  ingredients,  silica  and  phosphorus. 

<■  The  analysis  was  made  by  the^t.  Louis  Ssmpling  and  Testing  Company,  Pro* 
lessor  William  B.  Potter,  Manager,  and  was  kindly  furnished  the  Surrey  by  Mr.  William  H. 
Wayland,  Gunnison  City,  Colorado. 

t  F.  Y.  Hayden,  Geological  and  Geographical  Surrey  of  Colorado  and  Adjacent  Tex^. 
ritories,  1876. 
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THE     MANGANESE     DEPOSITS    OF  COLORADO. — LeadvUle. 

Manganese  ore,  in  association  with  iron  ore,  occars  as 
a  gangue  material  in  many  of  the  silver-bearing  deposits  of 
Lieadville,  and  is  frequently  shipped  to  smelting  works  at 
Pueblo  and  elsewhere  to  be  used  as  a  flux  in  the  treatment  of 
silver-lead  ores.  Iron  usually  forms  the  larger  part  of  the  masSy 
and  therefore  the  ore  is  valued  mostly  for  its  contents  of  that 
metal,  but  manganese  plays  a  similar  part  in  smelting  aud  the 
amount  of  it  in  the  ore  is  paid  for  at  the  same  rate  as  the  iron. 
Sometimes,  however,  manganese  occurs  in  very  considerable 
quantities  in  the  gangue  and  such  ores  are  used  in  the  manu- 
facture of  spiegeleisen  and  ferro-manganese.  Considerable 
<]uantities  are  consumed  by  the  Colorado  Coal  and  Iron  Company 
of  Pueblo,  and  by  the  Illinois  Steel  Company  ot  Chicago. 

The  manganese  occurs  either  as  a  crystalline  pyrolusite,  or 
more  often,  as  a  manganiferous  iron  ore,  and  frequently  as  an 
earthy  material  partaking  of  the  nature  of  wad,  and  known  by 
the  miners  as  '*black  iron  ore/'  The  iron  is  usually  in  the  form 
of  a  brown  hematite,  and  both  it  and  the  manganese  are  in 
variable  quantities,  sometimes  occurring  as  a  mere  stain,  at  other 
times  forming  the  larger  pait  of  the  gangue  of  the  other  metals. 

According  to  Dr.  S.  F.  Emmons,*  the  most  important 
metalliferous  deposits  at  Leadville  occur  in  the  ''Blue  Lime- 
stone," of  Lower  Carboniferous  age,  at  or  near  its  contact  with 
the  overlying  "  White  Porphyry,''  or  "  Leadville  Porphyry.*' 
The  contact  with  the  porphyry  is  sharp  and  well  defined,  but 
with  the  limestone  the  ore  blends  into  the  rock^  and  sometimes 
extends  deep  into  the  bed. 

Sometimes,  also,  the  ore  occurs  at  or  near  the  contact  of  the 
^'  Gray"  and  other  porphyries  with  the  "  Blue  Limestone,"  and 
more  rarely  in  still  different  associations. 

Dr.  Emmons  in  speaking  of  the  occurrence  of  iron  and 
manganese  in  the  Leadville  region,  says  :  f  "  Iron  and  man- 
ganese might   be   more  properly  considered  gangue  materials. 


«  G«oloK7  and  Mining  Industrj  of  LeadTille,  Monograph  U.  S.  Geol.  Sarrej,  No. 
•XU,  1886,  p.  376. 

Ibid.,  p.  547. 
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"They  are  mainly  in  the  form  of  hydrated  sesqaioxide  and  pro- 
toxide, respectively.  A  little  protoxide  of  the  former  and  per- 
oxide of  the  latter  ore  was  found.  The  former  may  be  combined 
as  basic  sulphate,  which,  as  will  be  seen  later,  sometimes  forms 
considerable  bodies.  The  latter  is  probably  anhydrous,  as  pyro- 
lusite  is  frequently  distinguishable  in  actual  crystals  and  some- 
times forms  considerable  ore  masses.  AlthoQgh  no  actual  pyrite 
was  observed  in  the  Leadville  deposits,  there  is  little  doubt 
that  iron  existed  in  this  form  in  the  original  deposits.  With 
regard  to  the  original  form  of  manganese  there  is  more  uncer* 
tainty,  as  the  sulphides  of  this  metal  are  relatively  rare.  It 
sometimes  occurs  as  carbonate,  in  association  wilh  sulphides  of 
other  metals,  losing  its  carbonic  acid  when  they  are  oxidized.  It 
is  so  common  an  associate  of  iron  in  oxidized  ores  and  so  seldom 
noticed  in  unaltered  sulphides  that  it  might  be  thought  to  have 
been  in  part  brought  in  as  oxide  during  secondary  alteration. 
It  is  possible  that  some  of  the  iron  in  the  ores  may  be  combined 
with  silica  as  silicate,  and  with  arsenic  as  arseniate.^' 

Dr.  Emmons  thinks  that  the  metalliferous  deposits  in  this 
region  were  laid  down  from  aqueous  solution,  mostly  in  the  form 
of  sulphides,  and  that  they  were  later  oxidized  near  the  surface; 
that  the  mineral  matter  came  from  above  and  was  mainly  derived 
from  the  neighboring  eruptive  rocks;  and  that  the  process  of  depo- 
sition was  a  metasomatic  interchange  produced  by  the  substitution 
of  the  sulphides  for  carbonate  of  lime  in  the  limestone. 

The  following  analyses  have  been  kindly  furnished  the 
Survey  by  Mr.  I.  Grove,  Superintendent  of  the  Colorado  Coal 
and  Iron  Company  of  Pueblo.  They  represent  the  composition 
of  twenty-three  samples  of  manganese  ore  and  manganiferous 
iron  ore  from  Leadville  and  the  surrounding  region.  The 
analyses  marked  with  an  asterisk  are  of  ore  used  by  the  com- 
pany in  the  manufacture  of  spiegeleisen  or  ferro-manganese.  * 
The  others  are  analyses  made  by  the  company  of  samples  sent 
them  for  examination. 

^  Analyses  of  spirgeleisen  and  ferro-manganesa  made  from  theae  ores  bj  the  Colorado 
"^^oal  and  Iron  Company  are  glTen  on  page  31  of  this  report* 
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Analyses  of  manganese  ores  and  manganiferous  iron  ores  Jront 

LeadviUe  and  vicinity,  Colorado. 


o 

z 


I 

2 
3 
4 

5 
G* 
7* 
8* 
9 
10* 
11* 
12* 
18* 
14* 
18* 
16* 
17* 
18 
19* 
20 
21 
22 
28 


Name  of  owner  or  of  claim. 


Fannie  Barrett.. 
FnlUr 


PennsyWania  mine. 

Evening  Star 

J.  B.  Henslee 

John  Harvej.. 

Orescent  Catalpa 

Fannie  Barrett 

George  W.  Hull .... 

Ballou:. « 

Catalpa. 


<( 


Parks  &  Hull 

Henslee.. 

George  W.  Hull... 
George  W.  Hull..-. 

Maid  A  Hen. 

Ballou 

B.  F.  Allen 

Not  known.... 

J.  0.  Ward 

W.  Marsh 


Localitj- 


Leadville 


■  •••••• 


Allen , 

Not  known 

Kirby  Creek. 
Buena  Vista, 


Man- 
ganese. 

Iron. 

51.20 

6.20 

49.20 

6.00 

40.56 

1.88 

38.60 

2.06 

37.14 

12.20 

36.40 

19.50 

34.64 

18.20 

34.00 

17.80 

33.00 

6.20 

29.12 

25  10 

24.69 

32.14 

20.20 

34.1;2 

20.14 

86.82 

19.30 

85.00 

18.66 

28.42 

18.11 

80.86 

16.20 

43.30 

14.71 

41.48 

9.30 

48.51 

51.90 

1.00 

47.21 

1.95 

44.70 

4.20 

25.00 

0.90 

Silica. 


Pboa- 
pboros. 


2.90 
15.00 
4.70  i 
4.00 
7.60 
7.00 
8.00 
6.80 
6.10 
8.80 
4.40 
6.50 
6.88 
388 


0.007 
0.129 
trace 


Sal- 
phar. 


8.49 
4.04 
8.10 
5.00 
4.20 


I 


8J21 

6.25 

47.60 


0.022 
0.026 
0.083 
0.045 
0.008 
C.084 
0.022 
0.008 
0.007 
0.045 
0.040 
0.039 
0.012 
0.039 
0.017 


trace 
0.104 
0.048 


ao4i 

0.187 

0.078 
0.027 


0.178 
0.062 
0.021 


0.065 
0.065 


Other  localities  in  Colorado. — Besides  the  localities  already 
described,  mangunese  is  found  in  small  quantities  in  many  of 
the  metalliferous  deposits  elsewhere  in  Colorado.  Among  these 
localities  are  Lake  City  in  Hinsdale  county,  Telluride  and  Red 
Mountain  in  Ouray  county,  and  other  places.  It  is  generally,, 
however,  in  very  limited  quantities  in  these  places  and  of  do 
commercial  importance  as  a  source  of  manganese. 

*  The  analyst  s  marked  with  an  asterisk  (*)  are  of  .ores  used  bf  the  Colorado  Coal  and 
Iron  Company  in  the  manufacture  dt  spiegeleisen  or  ferro-maoganese.  The  others  ara  of  orea 
Mat  to  the  company  for  examination. 
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THE  MAN6ANIFER0US   SILVER  DEPOSITS  OF  NEW  MBXIOO. 

Manganese,  in  the  forms  of  oxide  and  carbonate,  occurs 
in  many  of  the  silver-bearing  deposits  of  New  Mexico.  Among 
the  principal  localities  are  those  mentioned  below. 

Lake  Valley  mine, — The  Lake  Valley  mine  is  in  Sierra 
county,  fifty  miles  northwest  of  Las  Cruces.  Manganese  has 
been  found  here  in  the  form  of  fibrous  crystals  of  pyrolusite  Id 
association  with  silver  ores. 

Kingston. — Considerable  quantities  of  manganese  are  found 
with  the  silver  ores  in  the  neighborhood  of  Kingston,  Sierra 
county,  especially  at  the  Black  Colt,  Franklin,  Comstock,  and 
other  mines  on  the  middle  fork  of  Percha  Creek.  The  veins 
are  said  to  occur  in  blue  limestone  and  black  dolomite.  Man- 
ganese is  characteristic  of  many  of  the  deposits,  and  is  consid- 
ered a  good  indication  for  silver  in  that  region.  Some  car-load 
shipments  of  silver  ore  are  said  to  have  contained  as  much  as  60 
per  cent  of  manganese  peroxide,  equal  to  about  38  per  cent  of 
metallic  manganese,  but  this  quantity  is  exceptionally  large. 

At  the  Lady  Franklin  mine,  in  this  district,  the  manganese 
is  said  to  have  been  found    in  the  form   of  manganocalcite,  or 
carbonate  of  manganese  and  lime.     At   the   Caledonia  mine  it ' 
sometimes  occurs  in  the   form  of  the  rare  mineral  alabandite,  a 
sulphide  of  manganese. 

Silver  City.  -- A  manganiferous  iron  ore,  said  to  contain  aa 
average  of  about  13  per  cent  of  metallic  manganese,  is  mined  at 
Legal  Tender  Hill,  Silver  City,  New  Mexico,  and  is  used  at  the. 
£1  Paso  smelting  works  as  a  flux  for  silver  ores. 

THE   MANGANIFEROUS    SILVER  DEPOSITS    OF  ARIZONA. — Tombstone.. 

General  features. — The  town  of  Tombstone  is  in   Cochise 
county,  in  the  southeast  part  of  Arizona,  forty  miles  north  of  the 
Mexican  line,  and  eight  from  Fairbank,  a  station  on  the  New- 
Mexico  and  Arizona  Railroad. 

Manganese,  in  the  form  of  oxides,  is  a  common  constituent, 
of  many  of  the  silver-bearing  veins  of  this  region.  It  does  not. 
form  a  sufficiently  large  proportion  of  the  ores  to  be  used  as  ai 

30  Geological,  Vol.  i.,  1S90. 
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source  of  maDgauese,  and  even  if  it  did  it  would  not  pay  to  use 
them  for  that  purpose,  as  they  are  more  valuable  for  their  con- 
tents of  silver.  (See  pages  448).  The  manganese,  however, 
is  of  assistance  as  a  flux  in  smelting^  and  consequently  ores  con- 
taining it  have  an  additional  value  besides  the  silver  they  contain. 
According  to  Mr.  Charles  W.  Goodale,*  not  less  than  750,000 
ounces  of  silver  were  obtained  from  such  ores  up  to  July,  1887» 

The  manganese  occurs  in  the  form  of  pyrolusite,  earthy 
black  wad,  and  possibly  as  psilomelane  and  some  of  the  other 
mtinnfanese  oxides.  These  minerals  are  indiscriminately  associ- 
ated  with  either  a  calcareous  or  siiiceouH  gangue,  though  the 
siliceous  ores  are  generally  the  richer  in  silver.  The  carbonate 
and  silicate  of  manganese,  rhodochrosite  and  rhodonite,  have 
not  yet  been  found,  at  least  in  any  quantities,  in  the  Tomb- 
stone region.  It  is  said,  however,  that  none  of  the  mines  have 
gone  as  deep  as  the  water  level  of  the  country,  and  it  is  not  im- 
possible that,  as  at  Butte  City,  Montana,  these  minerals  may 
yet  be  found  at  or  below  that  depth.  In  large  shipments  the 
manganiferous  silver  ores  are  said  to  average  about  5  per  cent 
in  manganese,  though  in  individual  localities  they  often  contain 
several  times  this  amount.  The  deposits  occur  as  veins  and 
**chimney.s". 

The  prevailing  rocks  of  the  region  are  a  series  of  limestones 
and  quartzites  with  shaly  or  slaty  strata,  associated  with  porphy- 
ritic  and  feldspathic  dikes,  and  granitic  rocks. 

The  stratified  rocks  are  exposed  in  a  series  of  undulating 
folds  frequently  broken  by  faults.  They  are  supposed  by  Prof. 
W.  P,  Blakef  to  be  probably  of  Lower  Carboniferous  age.  In 
speaking  of  them  he  says;  '^The  fossils  which  have  been  found 
in  the  middle  and  upper  beds,  consisting  chiefly  of  Produotus 
and  cyathophylloid  corals,  show  them  to  be  Paleozoicy  and  prob- 
ably Lower  Carboniferous.  The  lower  strata  are  probably 
older.  A  small  shell,  like  lingula^  occurs  in  the  shales  of  the 
Contention  mine."  The  limestone  is  the  predominating  rock,  and 
is  compact,  massive,  gray  or  faintly  pink.     It  sometimes   shows 

« Trans.  Amer,  Inst.  Mug.  Eug.,  Vol.  XVII.,  1888-89,  p.  767. 
tlbld.,  Vol.  X.,  1881-2,  pp.  336-6. 
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^  slight  tendency  towards  a  semi-crystalline  structure  and  con- 
tains numerous  cavities  lined  with  calcite.  It  is  often  very  pure^ 
<3ontaining  over  90  per  cent  of  carbonate  of  lime,  and  from  this  it 
becomes  more  and  more  siliceous  until  it  eventually  blends  into 
a  bard,  translucent  quartzite. 

The  Big  Comet  mine, — The  Big  Comet  mine  is  the  property 
of  the  Tombstone  Mill  and  Mining  Company,  It  is  on  a  vein 
at  the  contact  of  the  limestone  with  the  intrusive  porphyry. 
The  vein  dips  at  from  60°  to  80°  to  the  west,  strikes  in  a  gen- 
eral north  and  south  direction,  and  varies  from  a  few  inches  to 
over  four  feet  in  width.  The  limestone  is  much  disturbed  and 
dips  at  angles  of  from  10°  or  15°  to  almost  perpendicular. 
The  vein  matter  is  generally  a  soft,  black  mass  devoid  of  structure. 
It  has  been  followed  down  continuously  for  a  depth  of  300  feet 
and  is  still  in  the  bottom  of  the  shaft. 

The  following  analyses  of  the  ore  from  this  mine  have  been 
kindly  furnished  the  Survey  by  Mr.  Geo.  W.  Cheyney,  Manager 
of  the  Tombstone  Mill  and  Mining  Company. 

Analyses  of  manganiferous  silver  ore  from  the  Big  Comet  mine. 

Tombstone,  Arizona. 

1.  2. 

Manganeee 15,0  14.8 

Iron 1.8  2.0 

Lead „ 1.0  0.4 

Linio ^ 82.4  34.8 

Silica 5.2  8.2 

Silver  (at  mine)  S13.45  to  €15.75  per  ton. 

Other  analyses  have  shown  as  much  as  20  per  cent  of  man- 
ganese, with  silver  contents  ranging  from  $18  per  ton  upwards. 

The  Knoxville  mine. — The  Knoxville  mine  represents  the 
so-called  "chimney"  deposits.  These  are  irregular  bodies  of 
ore  of  a  roughly  cylindrical  form,  dipping  at  high  angles.  They 
are  usually  limited  in  depth,  though  some  of  them  have  been 
followed  down  for  a  distance  of  four  hundred  feet  without 
reaching  the  bottom.  Mr.  Chas.  W.  Goodale,  *  in  speaking  of 
the  Knoxville  mine,  says:     *' There  were-  no  indications  of  ore 

«  ^ll■■■  I.  ■-  iii^aMi  ^^^M^^i^^^^i— ^^— ^— B^  ^^^^m^^^^^m^^ 

^■Trai.s.  Amer.  Inst.  Mng.  Eng.,  Vol.  XVII.,  1888-89,  p.  768. 
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until  the  drifts  were  within  a  few  feet  of  the  ore-bodies,  where- 
the  walls  of  the  crack  were  stained  with  black  oxides  of  man- 
ganese and  some  carbonate.  Small  detached  pockets  of  pure 
manganese  oxide  also  indicated  proximity  to  the  chimneys,  but 
these  small  bodies  carried  very  little  silver.  The  filling  of  the 
chimneys  included,  in  a  great  variety  of  forms,  pyrolusite,  wad,, 
and  psilomelane.  It  is  not  improbable  that  a  searching  ex- 
amination would  have  discovered  the  rarer  oxides,  braanite,. 
manganite,  and  hausmannite.  The  gangue  was  quartz  and 
calcite.  Galenite,  cerussite,  pyromorphite,  cuprite,  melaconite,. 
and  malachite  were  occasionally  observed,  and  the  assay  shows  a 
little  gold — about  1-100  of  an  ounce,  or  twenty  cents  to  the 
ton. 

''  Caverns  were  found  in  the  widest  parts  of  the  ore-bodies 
which  were  lined  with  snow  white  and  crystalline  calcite.  The 
purest  manganese  ore  formed  the  lining  of  the  chimneys,  the- 
percentage  of  gangue  being  greater  in  the  middle.'' 

The  Big  Comet  and  Knoxville  mines  are  only  two  of  the 
several  silver  mines  in  the  Tombstone  district,  in  which  con- 
siderable  quantities  of  manganiferous  silver  ores  are  found,  but 
they  serve  to  show  the  general  modes  of  occurrence  of  the- 
deposits.  Among  the  others  are  the  Lucky  Cuss,  Wedge,  and 
Luck  Sure  mines. 


CHAPTER  XVIII. 
THE  MANGANESE  DEPOSITS  OF  NEVADA. 

LOCATION    AND  GENERAL  FEATURES   OF   THE  DEPOSITS, 

Manganese  ores  have  been  found  in  several  places  in  north- 
•ern  and  central  Nevada,  but  as  yet  the  quantity  has  proved  to 
be  limited.  The  only  locality  in  which  they  have  been  worked 
as  a  source  of  manganese  is  at  Oolconda,  where  a  few  tons  have 
been  mined.  The  ore  exists  here  as  a  lenticular  bed  in  Pleis- 
tocene deposits,  while  elsewhere  in  the  state  it  is  found  in 
limited  and  very  uncertain  quantities  in  association  with  silver 
ores  or  silver-lead  ores. 

The  manganese  exists  in  a  variety  of  mineralogical  forms: 
at  Golconda  it  occurs  as  a  massive  oxide ;  at  Austin  as  rhodo- 
chrosite,  or  diallogitC;  (carbonate  of  manganese);  in  the  Mammoth 
district,  Nye  county,  as  huebnerite  (tungstate  of  manganese);  at 
Eureka  as  wad  and  in  other  forms.  The  nature  and  mode  of 
occurrence  of  the  ores  vary  greatly  in  difierent  placesy  and  the 
reader  is,  therefore,  referred  for  details  to  the  descriptions  of 
individual  localities  given  in  the  present  chapter. 

DESCRIPTIONS  OF   LOCALITIES. 

Golconda;  the  ore  deposit — The  settlement  of  Golconda  is  in 
northern  Nevada^  in  the  valley  of  the  Humboldt  Kiver,  and  on  the 
line  of  the  Central  Pacific  Railroad.  Manganese  ore  has  been 
found  three  miles  northeast  of  the  town,  on  a  part  of  the  Havallah 
range  locally  known  as  the  Edna  Mountains,  a  short  distance 
south  of  where  the  Humboldt  River  has  cut  its  channel  through 
the  range. 

Two  small  pits  have  been  made  on  the  manganese  deposit, 
and  thirteen  and  a  quarter  tons  of  ore  are  said  to  have  been 


\^ 
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mined  ia  1886  and  shipped  to  San  Francisco.     The  ore    is  said 
to  have  contained  $3.00  worth  of  silver  to  the  ton. 

The  ore  is  a  massive,  black,  glossy  oxide  of  manganese  witb 
a  hardness  varying  from  8  to  4.  It  is  generally  of  a  more  or 
less  porous  stracture,  often  containing  cavities  lined  with 
mammillary  or  stalactitic  forms,  and  Sequent ly  shows  ap- 
parent signs  of  bedding.  At  times  it  is  eaitby,  soft,  and 
pulverulent,  and  contains  angular  fragments  of  sandstone^  shale^. 
and  limestone,  from  a  quarter  of  an  inch  to  six  inches  in  diameter^ 
Sometimes  it  is  stained  brown  by  iron. 

The  following  analysis  by  R.  N.  Brackett  shows  the  compo-- 
sition  of  a  specimen  of  this  ore  dried  at   110^-115^  Centigrade^ 

Analysis  of  manganese  ore  from  Golconda,  Nevada. 

Manganese  protoxide  (MnO) 65.66 

Oxygen  (O) 10.81 

Ferric  oxide  (FeaOa) 3.82 

Alumiaa  (AI2O3) ^ 0.84 

Cobalt  oxide  (OoO)  * not  determined 

Lime  (CaO) 3.44 

Baryta  (BaO)„ 5.65 

Magnesia  (MgO) 1.26 

Potash  (K2O) 0.35 

Soda  (NaaO) none 

Water  and  organic  matter 4.16* 

Phosphoric  acid  (PaOs) uoue 

Tungstic  acid  (WOa) 2.78 

Silica  (SiOaJ 1.70 

Total 98.97 

Manganese 60.85 

Iron 2.32 

Tungsten 2.20 

Phosphorus nene 

Moisture. 4.97 

It  will  be  seen  that  the  ore  is  an  impure  oxide  of  manganese^ 
being  possibly  a  mixture  of  the  peroxide  and  sesquioxide,  though 
the  impurities  obscure  its  true  nature.      The  most  remarkable 
feature  of  this  ore  is  the  considerable  amount  of  tungstic  acid^ 

*  There  ia  more  than  a  trace  of  cohalt  present  but  the  amount  was  not  determined. 


THE  MANOANESS  DEPOSITS  OP  NEVADA.  471 

which  forms  2.78  per  cent  of  the  mass,  oorrespooding  to  2.20 
per  cent  of  tuogstea. 

Though  from  a  mioeralogical  ataud)>oint  the  ore  is  impure, 
yet  for  commercial  purposes  the  anaiyeis  shows  a  high  grade 
material.  Il  will  be  seen  that  it  is  high  in  metallic  mangauese, 
and  low  in  impurities  of  au  injurious  nature,  containing  only  1.70 
per  cent  of  silica  and  no  phosphorus.  The  presence  of  2.20  per 
cent  of  tungiiten  wuuld  give  additional  value  to  the  ore  io  the 
manufacture  of  certain  kinds  of  hard  steel.  The  sample 
analyzed  represented  the  best  quality  of  ore  OD  the  property, 
and  car-load  shipments  would  probably  contain  somewhat  linger 
quantities  of  impurities  and  correspondingly  less  maDgaueee, 


lire  ae,    ScrliQn  Ihmgk  Iht  BnUmda  •aangantit  depoiil. 

Calcunus  lufo. 

MaDgin»e  on. 
C.    SbBlc. 
iroriionUl  Kile  :    1  inch-iatrMl.    VcnLcil  icalt;    i  inch-^a  fe 


The  ore  occurs  as  a  lenticular  deposit  interbedded  in  a  soft. 
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wliite  limestone,  or  calcareous  tufa,  containiDg  fragments  of 
Haiidstone,  shale^  and  massive  limestoDe,  similar  to  those  found 
in  the  ore  and  often  in  sufficient  quantities  to  form  a  breccia. 
This  material  comprises  a  small  knoll,  about  thirty  feet  in  thick- 
hmss,  on  the  lower  slopes  of  the  mountain,  and  lies  horizontally 
^»ii  the  upturned  edges  of  the  underlying  shales.  The  association 
^>f  the  manganese  and  tufa  is  shown  in  figure  38,  while  the  re- 
lation of  the  deposit  as  a  whole  to  the  Edna  Mountains  is  shown 
in  figure  39.  The  first  figure  represents  the  small  mound  (d) 
on  the  left  end  of  the  second. 

The  outcrop  of  the  ore  bed  appears  as  a  horizontal  black 
baud  along  the  side  of  the  knoll  facing  the  mountains,  and  is 
very  variable  in  thickness,  in  some  places  being  represented  only 
as  a  black  line  in  the  limestone,  and  in  others  widening  to  a 
maximum,  where  exposed,  of  three  and  a  half  feet.  On  the 
western  slope  of  the  knoll  the  ore  bed  is  not  seen  at  all,  the 
only  trace  of  it  being  an  occasional  black  stain  or  dendrites  in 
the  limestone  along  the  line  where  it  should  outcrop  if  it  extended 
tiirough  to  this  side.  The  bed  also  thins  out  to  the  north  and 
Bouth,  the  whole  length  of  the  outcrop  being  only  about  400  feet. 
East  of  the  exposure  of  the  ore  bed,  the  knoll  is  cut  off  sharply, 
as  shown  in  figure  39,  by  a  rocky  area  which  separates  it 
from  the  mountains.  It  will  thus  be  seen  that  the  amount  of  ore 
here  is  limited  and  it  is  probable  that  the  area  underlain  by  it 
<loes  not  cover  more  than  a  few  acres. 

Beneath  the  ore  bed,  as  seen  in  one  of  the  pits,  the  calcareous 
deposit  is  soft  and  partakes  of  the  nature  of  a  marl,  while  abov^e, 
it  is  often  much  harder,  and  has  in  many  places  become  coarsely 
erystalline,  forming  a  hard  limestone.  The  crystallization  seems 
to  have  taken  place  in  spots  in  the  bed,  and  frequently  bodies  of 
•crystalline  limestone  are  surrounded  by,  and  blend  into  a  massive 
and  softer  material  of  the  same  composition. 

The  fragments  of  sandstone,  shale,  and  gray  limestone, 
found  in  this  deposit,  are  of  the  same  nature  as  the  beds  of  those 
locks  which  comprise  the  mountain  to  the  east.  The  pieces  of 
limestone  are  so  markedly  different  from  the  calcareous  bed  en- 
closing them  that  they  cannot  be  confounded  with  it.     The  rock 


THE  MANQANESE  DEPOSIl^S  OF  NEVADA.  473 

fragments  are  of  unequal  distribution  in  the  deposit  both  later- 
ally and  vertically,  sometimes  composing  almost  half  of  it  and 
sometimes  being  almost  entirely  absent.  They  vary  from  a 
fraction  of  an  inch  to  eight  or  ten  inches  in  diameter  and  are 
indiscriminately  mixed. 

The  age  of  the  rocks  composing  the  part  of  the  Havallah 
Kange  immediately  east  of  the  manganese  deposit  is  represented 
as  Star  Peak  Triassic  on  the  map  accompanying  the  Survey  of 
the  Fortieth  Parallel.*  As  shown  in  the  section,  they  are  com- 
posed of  sandstones,  shales,  and  limestones,  dipping  at  steep 
ans:les.  Their  uptured  edges  are  well  exposed  from  the  summit 
of  the  mountain  to  its  base,  where  they  are  covered  by  the  mound 
containing  the  manganese  deposit. 

The  crest  of  the  mountain  is  composed  of  a  quartzite  which 
is  of  dark  gray  color,  spotted  with  brown  specks,  of  a  granular 
structure,  very  hard,  and  cut  by  numerous  quartz  veins.  The 
lower  beds  of  quartzite  on  the  slopes  of  the  mountain  resemble  this 
one  in  all  respects  except  that  they  show  less  trace  of  their 
original  sandy  structure  and  are  more  vitreous. 

The  larger  part  of  the  slope  of  the  mountain  is  composed  of 
a  more  or  less  slaty  shale.  It  is  of  a  gray  or  purple  color,  con- 
tains large  quantities  of  thin  flakes  of  mica,  has  a  wavy  un- 
dulating structure,  and  in  many  places  grades  into  a  mica- 
ceous or  talcose  schist.  The  lower  beds  of  shale  are  much 
thinner  than  this  one,  and  in  some  places  resemble  it  in  general 
appearance,  while  in  others  they  are  more  calcareous  and  blend 
into  limestone.  The  shale  which  is  seen  at  the  base  of  the 
knoll  containing  the  manganese  (figure  39)  is  of  a  light  yellow 
color,  and  is  made  up  of  thin,  friable  laminae. 

The  limestone  beds  shown  in  figure  39  are  all  of  much  the 
same  character ;  they  are  of  light  or  dark  gray  color,  sometimes 
with  a  reddish  tinge,  generally  massive,  though  occasionally 
showing  a  tendency  to  a  semi-crystalline  structure,  and  are  fre- 
quently cut  by  veins  of  white,  crystalline  calcite. 

*  U.  8.  Q«oI.  Exploration  of  tht  Fortieth  Parallel.  Clarence  King,  Geologist  in 
charge  ;  Vol.  I.,  Systematic  Geology,  map  III.,  Pre-Meeoaole  and  Mesosoic  exposures.  See 
--also  report  of  Arnold  Hague,  Vol.  II.,  Descriptire  Geology,  p.  680. 
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Oolconda;  the  derivation  of  the  ore  deposit. — The  Golcooda 
mangaDese  deposit  is  in  the  arid  regioD  lying  between  the.  Rockr 
Mountains  and  the  Sierra  Nevada,  and  known  as  the  '^  Great 
Basin."  Parts  of  this  region  were,  in  late  geologic  times, 
covered  by  several  large  inland  bodies  of  water,  of  which 
Lakes  Bonneville  and  Lahontan,  described  respectively  by 
G.  K.  Gilbert*  and  I.  C.  Russell,t  were  the  largest.  In  sub- 
sequent times,  these  were  mostly  dried  up,  and  the  only  remains 
of  them  now  are  a  series  of  much  smaller  lakes  occupying  hol- 
lows in  the  bottoms  of  the  old  basins.  Great  Salt  Lake  is  the 
modern  representative  of  Lake  Bonneville;  and  Tahoe,  Wiiine- 
mucca,  Pyramid,  and  other  lakes  occupy  the  basin  of  Lake 
Lahontan. 

The  region  about  Golconda  is  on  the  eastern   edge  of  the 
area  defined    by    Mr.   Russell  as  the  ancient  bed.  of  the    now 
extinct  Lake  Lahontan,  and  occupies  a  position  at  the  head  of  a 
small  bay  which  once  protruded  some  fifteen  miles  up  the  valley 
of  the  Humboldt  River,  and   marked  the  extreme  eastern  limit 
of  the  lake.     Mr.  Russell;};    in  speaking  of  1  he  Lahontan  region. 
says :      ''  The  basin  of  Like   Lihontan    is  one  of  the    many 
independent  drainage  areas  of  which  the  Great  Bjisin  is  com- 
posed, and  its  geology  is  a  page  in  the  history  of  the  vast  region 
lying  between  the  Rocky  Mountains  and    the  Sierra  Nevada.'*" 
*  *  "The  valleys  which  are  now  dry  and  treeless,  and  in  many 
instances  absolute  deserts,  destitute  of  any   kind  of  vegetation 
over  hundreds  of  square  miles,  were  then  occupied  by  lakes,  the 
largest  of  which  were  comparable  in  extent  and  depth  with  those 
now  drained  by  the  Saint  Lawrence.      Some   of  these  old  lakes. 
had  outlets  to  the  sea  and  were  the  sources  of  considerable  rivers,, 
others  discharged  into  sister  lakes ;  a  considerable  number,  how- 
ever, did  not  rise  high  enough  to  find  an  outlet,  but  were  entirely 
inclosed,  as  is  the  case  with  the  Dead  Sea,   the   Caspian,   and 
many  of  the  lakes  of  the  Far  West  at  the  present  time." 

Lake  Lahontan  did  not  overflow,  and  therefore  the  mineral 

*>  Lake  Bonneville,  Monograph  U.  S.  Geological  Survej,  No,  I.,  1890. 
t  Geological  History  of  Lake  Lahontan,  a  Quaternary  Lake  of  Northwestern  MeradA^ 
Monograph  U.  S.  Geological  Survey,  No.  XI.,  18S5. 
^Ibid.,  p.  6. 
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matter  brought  to  it  in  solution  by  tributary  waters  constantly 
increased  in  quantity,  and  the  gradual  evaporation  of  the  lake- 
steadily  concentrated  these  mineral  solutions,  until  they  arrived 
at  a  state  of  supersaturation  and  were  deposited  as  chemical 
precipitates.  These  were,  according  to  Mr.  Russell,  largely  of  ~ 
a  calcareous  nature  and  were  laid  dosvn  as  fringes  on  the  margin- 
of  the  lake  at  successive  stages  of  evaporation.  They  are  found 
now  at  different  levels  on  the  old  lake  border  and  mark  the 
ancient  shore  lines.  Mr.  Russell  has  divided  them  into  three 
classes  of  ''tufas"  differing  considerably  in  physical  character,  and 
deposited  at  diflferent  levels  in  the  lake's  history.  He  has  named 
them,  in  the  order  of  their  chronological  succession,  "lithoid,** 
"thinolitic,"  and  "dendritic"  "tufas."  The  "lithoid  tufa''  was. 
deposited  during  the  early  stages  of  evaporation  in  the  lake,  and 
occupies  a  position  on  the  sides  of  the  mountains  which  once 
formed  the  ancient  lake  shores. 

From  the  analogy  of  the  samples  of  tufa  collected  at  the 
Goleonda  manganese  deposit   with  the  description  of  "lithbid 
tufa''  given  by  Mr.  Russell,  and  from  the   position  that  the  de*- 
posit   occupies   in  the  old  lake  basin,  it  is   probable   that   the 
calcareous  material  found  with  the  Goleonda  manganese  repre- 
sents the  "lithoid  tufa,"  and  that  the  manganese  itself  is  a  local 
deposit  not  necessarily  characteristic  of  the  variety  of  tufa  with 
which  it  is  there  associated.     In  other  words,  the  deposit  repre- 
ents  a   lenticular   bed   of    manganese   ore  interstratified   in   a 
calcareous  sediment  chemically   deposited  from   supersaturated 
lake    waters.     It   will   be   seen   on  figure  39,  page  471,    that, 
the    manganese    bed   occupies    a    basin   in  this    tufa,  that  the 
basin  was  originally  cut  off  on  its  east   side   by    the   rocks   that 
formed  the   old   shore   line,  and  that   it  was   bounded   on    its. 
west   side   by   the  outer  edge  of  the  tufa    terrace.      Between 
these  limits  it  extended  a  short  distance  up  and  down  the  lake- 
shore.     This  position  as  well  as  the  nature  of  the  ore  both  tend 
to  show  that  the  bed  was  originally  laid  down  as  a  shallow  water 
deposit,  and  subsequently  covered  over  by  the  same  tufa  that 
underlies  it. 

It  seems  possible  that  the  source  of  the  manganese  was  tL 
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local  accumulation  precipitated  from  spriug  waters.  In  support 
of  this  supposition  it  may  be  stated  that  at  the  town  of  Golconda 
there  are,  at  the  present  time,  a  series  of  hot  springs  depositing  a 
sinter  highly  charged  with  oxide  of  manganese.  The 
source  of  this  ingredient  in  the  spring  waters  may  have  been  in 
the  lavas  which  cover  large  areas  in  the  region  in  question  and 
give  strong  reactions  for  manganese.  Another  possible  sonrx)e 
of  supply  may  have  been  in  the  stratified  rocks  already  described 
as  forming  the  mass  of  the  mountain  on  the  slope  of  which  the 
deposit  is  situated,  as  both  the  quartzite  and  the  limestone  con- 
tain small  quantities  of  manganese.  The  lava,  however,  contains 
a  much  larger  percentage  of  this  ingredient  than  the  other  rooks. 

As  regards  the  mode  of  precipitation  of  the  manganese,  it 
18  not  probable  that  the  ore  was  deposited  simply  by  the  gradual 
desiccation  of  the  lake  waters,  as  was  the  case  with  the  ^^ithoid 
tufa"  enclosing  it,  since  if  this  had  been  so  a  far  more  general 
distribution  of  manganese  than  is  seen  in  the  tufa  of  the  Lahon- 
atan  basin  would  be  expected.  It  seems  more  probable  that  the 
ore  was  a  local  precipitation  brought  on  by  an  excess  of  man. 
gauese  in  spring  waters  in  the  locality  in  question,  and  that  the 
cause  of  its  accumulation  was  the  accidental  formation  of  a 
suitable  basin  in  the  tufa.  This  basin  may  either  have  been 
closed  or  have  had  an  outlet  into  the  lake.  When  the  spring 
waters  reached  the  surface  they  were  retained  at  least  temporar- 
ily in  the  basin,  long  enough  to  allow  the  oxidation  of  the  met- 
alliferous solution  and  the  precipitation  of  oxide  or  simple 
carbonate  of  manganese,*  thus  causing  the  local  accumulation 
of  ore;  whereas  if  the  spring  water  had  flowed  directly  into  the 
lake,  its  contents  of  manganese  would  have  been  scattered  over 
a  vast  area.  The  rock  fragments  in  the  ore  and  tufa  represent  de- 
tritus which  rolled  down  from  the  mountain  side  during  the 
deposition  of  the  beds. 

Avstin. — The  mineral  rhodochrosite,  or  diallogite,  (carbon- 
ate of  manganese)  is  found  in  association  with  quartz  in  many  of 
the  silver-bearing  veins  near  Austin,  Lander  county,  Nevada. 

■>II  the  carbonate  waa  precipitated  it  was  later  converted  into  its  present  oxide  form.  ( 
^  final  chapter  of  this  report.) 
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It  is  of  a  pink  color  and  highly  crystalline.  It  is  not  in  suffic- 
ient quantities  to  be  used  as  a  source  of  spiegeleisen  or  ferro- 
manganese. 

Mammoth  district. — Tnngstate  of  manganese  is  reported  as 
existing  in  the  Mammoth  district,  Nye  county,  Nevada,  though 
but  few  details  regarding  its  occurrence  and  extent  are  ob- 
tainable. 

The  mineral  was  first  described  by  E.  Kiotte.*  According 
to  him  it  has  a  brownish-red  or  brownish-black  color,  a  yellowish- 
brown  streak,  a  lustre  which  is  adamantine  on  the  cleavage  plane 
and  otherwise  greasy; .  contains  tungstic  acid  (WO3)  76.4  per 
cent,  and  manganese  protoxide  (MnO)  23.4,  equal  to  tungsteu 
60.59  per  cent,  manganese  18.12  per  cent.  It  is  said  to  occur  in 
slate,  in  veins  with  scheelite,  fluorite,  and  apatite. 

Eureka, — Wad  and  other  manganese-bearing  minerals  are 
found  in  association  with  the  silver-lead  ores  of  Eureka,  Nevada.f 

^  Reese  River  Rereille  (Quoted  in  Amer.  Jour.  Sd.,  Vol.   XLIIL,  1867,  pp.  128-124.) 
t  J.  S.  CurtiB,  Monograph  United  States  Geological  Survey.  No.  VII.,  1884,  p.  69. 


CHAPTER  XIX. 
THE  MANGANESE  DEPOSITS  OF  CALIFORNIA. 

LOCATION   OF  THE   DEPOSITS. 

Manganese  ores  occur  in  many  places  in  California,  mostly 
in  the  Coast  Ranges  and  to  a  lesser  extent  in  the  Sierra  ^Nevada. 
Up  to  the  present  time,  however,  with  one  or  two  exceptions, 
they  have  been  found  in  only  small  quantities.  In  the  Coast 
Ranges  they  have  been  worked  to  a  limited  extent;  in  the  Sierra 
they  have  not  been  worked  at  all. 

The  Sierra  Nevada  and  the  Coast  Ranges  run  in  a  general 
north  west  and  southeast  direction  through  California.  The  former 
range  occupies  the  eastern  part  of  the  State  and  separates  the  arid 
regions  of  Nevada  from  the  fertile  Valky  of  California.  It  is 
by  far  the  higher  of  the  two  ranges,  and  reaches  an  elevation,  in 
some  places,  of  over  15,000  feet.  The  Coast  Ranges  skirt  the 
Pacific  border  and  rise  from  a  few  hundred  to  5,000  or  6,000  feet 
and  more  above  the  sea.  They  are  much  less  rugged  and 
barren  than  the  Sierra,  and  are  frequently  covered  with  a  dense 
growth  of  timber.  Both  the  Sierra  and  Coast  Ranges  blend  into 
each  other  in  the  northerq  and  southern  parts  of  the  state,  and 
the  intermediate  area,  representing  the  Vailey  of  Califoroia, 
comprises  the  drainage  basins  of  the  Sacramento  and  San  Joaquin 
Rivers.  The  former  rises  in  the  mountains  of  the  northern  part 
of  the  state  and  flows  south ;  the  latter  rises  in  Tulare  Lake,  in 
the  southern  part  of  the  state,  and  flows  northwest.  Both  meet 
in  Suisin  Bay,  and  flow  thence  through  and  the  Bay  of  San 
Francisco,  reaching  the  ocean  through  the  Golden  Gate. 

The  manganese  ores  of  both  ranges  occur  at  varions  points 
^on  the  interior  border  of  this  intervening  valley  region. 
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HISTOBY   OF   MANGANESE  MINING   IN    CALIFOBNIA. 

The  kistory  of  manganese  mining  in  the  United  States  in 
general  has  already  been  given  in  chapter  III.,  but  for  the  sake 
of  convenience  the  facts  relating  to  California  are  summarized 
below. 

The  only  properties  from  which  any  quantity  of  manganese 
ore  has  been  shipped,  so  far  as  known,  are  Corral  Hollow  in  San 
Joaquin  county ;  Red  Rock  island  in  the  Bay  of  San  Francisco; 
and  near  Saucelito  in  Marin  county.  Ore  is  also  said  to  have 
been  mined  in  Santa  Clara  county,  but  no  details  concerning 
the  quantity  produced  are  obtainable.  Besides  these  localities, 
many  others  from  which  no  ofe  has  yet  been  shipped,  are  known, 
and  some  of  them  have  been  prospected.  They  are  described 
later  in  this  chapter. 

The  first  manganese  mining  in  California  is  said  to  have 
been  done  in  1867,  by  A.  S.  Ladd,  at  the  Old  Ladd  mine  in 
Corral  Hollow  ;  though  about  the  same  time  Red  Rock  island 
was  also  worked.  Most  of  the  ore  from  both  places  was  sent  to 
England  and  used  in  chemical  manufactures.  Ladd  continued 
work  until  1874,  during  which  time  he  shipped  about  5,000  tons 
of  ore.  The  exact  amount  of  ore  shipped  from  Red  Rock  is  not 
known,  but  it  is  said  that  at  least  one  schooner  load  was  mined, 
and  probably  more.  Operations  are  said  to  have  been  stopped 
at  an  early  date  by  the  government  authorities,  who  wished  to 
preserve  the  island  for  harbor  purposes. 

In  1874  the  introduction  of  Spanish  manganese  into  English 
and  other  foreign  markets  caused  the  cessation  of  shipments  of 
the  California  ore,  which  could  not  compete  with  the  more  ac- 
tjessible  and  often  better  product  from  Spain.  Since  that  time 
manganese  mining  in  California  has  been  carried  on  to  only  a 
limited  extent.  The  Old  Ladd  mine  was  purchased  from  Mr. 
Ladd  in  1874  by  Mr.  Justinian  Caire,  of  San  Francisco,  who 
since  then  has  mined  limited  quantities  of  ore. 

In  the  year  1882  the  locality  near  Saucelito  was  worked  to 
a  small  extent  to  supply  a  fluxing  material  for  a  smelter  at  that 
town.  Only  very  small  quantities  of  ore  were  mined  and  at 
present  none  is  being  produced. 
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The  only  maDgaiie9e  miniDg  now  carried  en  in  California 
is  the  limited  work  at  the  Old  Ladd  mine,  and  even  this  plays  no> 
important  part  in  the  industries  of  the  state.  In  fact,  the  work 
that  was  once  done  has  been  almost  entirely  forgotten,  the  subject 
excites  no  general  interest  and  information  concerning  the 
different  localities   and  their  history  is  di£5cult  to  obtain. 

THE     GEOLOGIC    BELATIONS     OF     THE    MANGANESE     DEPOSITS^ 

The  manganese  ores  on  the  east  and  west  of  the  Valley  of* 
California  vary  both  in  character  and  in  the  geologic  ages  of  the 
rocks  with  which  they  are  associated.     In  the  Coast  Ranges,  on 
the  west,  the  ores   are  associated  ;vith   a  series  of  jaspers,  or 
phthanites,  which    were   early  recognized   by  Professor  J.  D. 
Whitney*   as  of  Cretaceous  age,  and    later   described    by    G* 
F.  Beckerf   as  belonging   to   the  Neocomian  division  of  that 
age  (Knoxville  group).        In  the  Sierra  Nevada,  on  the  east  of 
the  valley,  the  ores  are  associated  with  the  limestone  belt  de- 
scribed by  Professor  Whitney  as  probably  of  Carboniferous  age^ 
Small  quantities  of  manganese  have  also  been  found  in  the  aurif- 
erous slate  of  the  Sierra.     The  lithologic  associations  and   the 
modes  of  occurrence  of  the  ores  are  very  diiferent  in  the  two 
regions,  and  the  areas  are  therefore  treated  separately. 

THE  MANGANESE  DEPOSITS  OF  THE   COAST  RANGES. 

V 

Location. — Manganese  has  been  found  at  various  points  ia 
the  Coast  Ranges,  from  Santa  Clara  county  on  the  south,  to 
Colusa  county  on  the  north,  a  distance  of  about  two  hundred 
miles.  Beyond  these  limits,  both  on  the  north  and  the  south,  it  is 
probable  that  similar  ores  may  also  be  found  when  looked  for. 

Mineralogieal  forma  of  the  ores. — The  manganese  ores  of  the 
Coast  Ranges  occur  as  oxides  in  the  massive  form,  no  crystalline 
ore  having  been  seen  at  any  of  the  localities  visited,  though  it  is 
possible  that  a  further  search  may  reveal  their  presence.  The 
ores  are  in  pockets  or  lenticular  beds  and  not  in  the  shape  of* 

—  --  ■-_ ■  .-  

^  Geological  Surrtj  of  Oalifornia,  Vol.  I.,  Geologj,  1865. 

t  Geologj  of  the  QaiekBiWer  Deposits  of  the  Pacific  Coast,  Monograph  U.  S.  Gaol, 
Barrej,  No.  XIU.,  1888,  pp.  371-272. 
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the  nodales  characteristic  of  the  Appalachian  region.  From  a 
mineralogical  standpoint  they  are  generally  impure^  but  for 
commercial  purposes  many  of  them,  where  found  in  sufficient 
quantities,  can  be  made  of  considerable  value.  Two  principal 
varieties  of  ore  have  been  distinguished,  one  probably  represent- 
ing the  mineral  manganite,  the  other  an  oxide  containing  a  large 
amount  of  siliceous  impurity  which  obscures  the  true  mineral- 
ogical nature  of  the  ore. 

Manganite. — Specimen  from  the  Richards  claim,  Corral 
Hollow,  San  Joaquin  county,  California.  This  is  a  massive,, 
black,  opaque  mineral;  lustre submetallic ;  often  contains  hollow 
cavaties  lined  with  a  jet  black,  glossy  film  ;  streak  dark  brown  ;. 
fracture  subconchoidal ;  hardness  4;  specific  gravity  3.76.  The 
specific  gravity  is  low  for  that  of  manganite,  which  usually  varies* 
from  4.2  to  4.4,  *  but  this  difference  may  be  partly  due  to  the 
presence  of  the  impurities  shown  in  the  analysis  below.  The 
mineral  contains  numerous  cavities,  and  to  avoid  error  from< 
these,  the  specific  gravity  was  determined  in  a  powdered 
specimen. 

In  a  closed  tube  the  mineral  gives  off  water ;  in  hydrochloric 
acid  it  dissolves  with  the  evolution  of  chlorine  and  leaves  a 
slight  residue ;  with  fluxes  it  gives  manganese  reactions.  The 
following  analysis  made  by  R.  N«  Brackett  shows  its  compositioa 
dried  at  110^-115°  Centigrade  : 

Analysis  of  manganite  from  Corral  Hollow^  California. 

Per  cent.    Ratio. 
Manganese  protoxide  (MnO) 76.26       1.068 

Oxygen  (O) 6.94         .434 

Ferric  oxide  (Fe.O,) 8.26 

Cobalt  oxide  (CoO) tiace 

Lime  (CaO) ^ 8.10 

Baryta  (BaO) „..  none 

Magnesia  (ligO) 0.5« 

PoUsh  (K,0) 0.19 

Soda  (Na.O) 0.68 

Water  (H,0  ) 8.46         .470 

Silica  (SiO.) 1.98 

100.88 

<■  J.  D.  Dana,  System  of  Mineralogy,  fifth  edition,  1888,  p.  171. 
31  Geological,  Vol.  i.,  1890. 


^ 


482  ANNUAL  REPORT  STATE  GEOLOGIST. 

The  analysis  shows  the  specimen   to  be  an   impure  oxide  of 
manganese   containing   water,   and   approaching    maof^nite    in 
<5ompo8ition.     The  impurities,  however,  render  it    impossible  to 
determine  the  mineral  with  certainty.     The  theoretical  composi- 
tion of  manganite  is  represented  by  the  formula  MogOj,  H^O,  in 
which  the  ratio  of  MnO,  O,  and  H2O  is  2  : 1  : 1.      The    ratio    of 
the  California  specimen  as  given  in  the  analysis  differs  some- 
what from  the  theoretical  ratio,  but  it  is  sufficiently  close  to  strong, 
ly  suggest  the  identity  of  the  mineral  with  manganite.     Occasion- 
ally there  is  associated  with    this   mineral   a   massive,  steel-blne 
ore  with  a   submetallic   lustre,    a   conchoidal    fracture,    and    a 
hardness  of  6.     It  occurs  in  thin  layers  alternating  with  thicker 
layers  of  the  ore  just  described. 

Impure  oxide  of  manganese. — Specimen  from  Red  Rock, 
Bay  of  San  Francisco,  California.  This  is  a  massive,  steel-blue 
mineral ;  opaque ;  lustre  submetallic ;  powder  dark  brown  ; 
fracture  conchoidal,  well  developed  ;  hardness  6  to  7.  It  is 
often  laminated  in  structure,  the  laminae  sometimes  following 
undulating  lines  much  like  those  of  the  siliceous  shales,  or 
phthanites,  which  enclose  the  ore.  Frequently  cavities  are  found 
in  it,  lined  with  bright,  glossy,  mammillary  surfaces  or  botryoi- 
dal  protrusions.  Sometimes,  especially  on  an  exposed  surface 
it  is  soft  and  earthy. 

The  following  partial  analysis  by  W.  A.  Noyes  shows  the 
composition  of  the  mineral  dried  at  110°-115°  Centigrade  : 

Analysis  of  impure  oxide  of  manganese  from  Red  Rocky  California. 

Manganese  protoxide  (MnO) 41.21 

Oxygen  (0) 7.81 

Ferric  exide  (Fe203) 5.32 

Alumina  (AlaOa)- 1.44 

Plioophoric  acid  (PaOa) 0.61 

silica  (SiOa) 35.32 

94.21 

The  analysis,  as  will  be  seen,  shows  a  very  impare  material. 
The  physical  features  of  the  ore,  however,  are  those  of  psilome- 
lane   and    it  is  possible  that  it  represents   a   highly   siliceous 
specimen  of  that  mineral. 
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This  form  of  ore  is  the  common  one  at  Red  Rock,  and  an 
apparently  similar  ore  occurs  near  Saucelito,  Marin  county. 

Commercial  value  of  the  ores. — It  will  be  seen  from  the 
descriptions  given  above,  that  there  are  two  varieties  of  man- 
ganese ore  in  the  Coast  Ranges,  both  black  and  massive,  but  one 
<xoraparatively  soft,  the  other  hard  and  flinty.  The  softer 
variety,  so  far  as  can  be  judged  from  the  one  analysis,  is  rich  in 
manganese  and  low  in  the  injurious  ingredients,  silica  and 
phosphorus.  The  analysis  shows  an  excellent  ore  for  the 
manufacture  of  spiegeleisen  and  ferro- manganese.  The  harder 
variety  of  ore  is  comparatively  low  in  manganese,  high  in  silica 
and  medium  in  phosphorus.  Further  chemical  tests,  however, 
may  prove  some  of  it  to  be  of  better  quality.  The  amount  of  per- 
oxide available  for  commercial  chemical  purposes  is  small  in 
both  ores.  The  analyses  given  below  show  the  composition  of 
the  two  different  ores.  These  analyses  are  the  same  as  those 
Ju^t  described,  but  they  are  stated  in  a  different  manner,  so  as  to 
bring  out  their  commercially  important  features. 

Analyses  of  manganese  ores  from  California. 


CONSTITUENTS. 


Corral 
Hollow  ♦ 


Red  Bock 


Manganese. . 

Iron 

Silica 

Phosphorus. 
Lime 


Manganese  peroxide. 


34.23 

8.72 

39.32 

0.27 


89.75 


Mode  of  occurrence  of  the  ores. — The  manganese  ores  of  the 
Coast  Ranges,  so  far  as  yet  known,  are  confined  to  a  series  of 
metamorphosed  shales,  described  by  Prof.  J.  D.  Whitney  f  under 
the  name  of  jasper,  and  by  G.  F.  Becker  t  under  the  name 
of  phthanite. 

The  geologic  relations   of  these  rocks  have  already  been 

^  The  analysis  of  the  ore  from  Oorral  Hollow  was  made  of  a  picked  sample, 
t  Geological  Survey  of  California,  Vol.  I.,  Geology,  1865. 

X  Geology  of  the  Quicksilver  Deposits  of  the  Pacific  Coast,  MoDOgraph  U.  8.  Geol. 
Purvey,  No.  XIII.,  1888,  p.  105-108. 
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mentioned  on  page  480.      Tbe  ore  usually  occurs  as  a  more  or 
less  distinctly  bedded  deposit,   generally  following  the  lines  of 
stratification,  but  sometimes  cutting  across  them  and  filling  joint 
cracks  or  lines  of  faulting.     These  transverse  leads,  however,  are 
much  smaller  than  the  bedded  ones  and  are  always  tributary  to 
them,  rarely  reaching  any  great  distance  from  them  before  they 
thin  out  and  disappear.      They  seem  to  have  been  formed  fron^ 
the  bedded  deposits   by   chemical   action,  whereby   they    were 
dissolved  aud  re-deposited  during  or  after  the  disturbance  of  the 
of  the  rocks.     The  bedded  deposits  vary  from  a   mere    black 
film   between   strata  to    beds    several    feet   in   thickness,   and 
sometimes  seem  to  partake  of  the  shaly  nature  of  the  enclosing 
rock.     Such  deposits  are  not  continuous  over  any  great  dis- 
tance,  but   oecur   as  lenticular  layers,    or  oblong  and   s  »me- 
what   abrupt  pockets,    following   certain   lines  of   stratification 
and   either  connected    by  thin  seams   of  ore  or  separated    by 
practically  barren  rock.      These  lenticular  bodies  vary  greatly  in 
a  given  distance,  and  in   some  places  coalesce,   forming  a  con- 
tinuous  bed    of  varying  thickness    for    a   distance  of  several 
hundred   feet  along   the   outcrop   of  the  ore-bearing    stratum.. 
Such  is  the  case  at  the  Old  Ladd  mine,  to  be  described  later  in 
this  chapter. 

The  jasper,  or  phthanite,  with  which  the  ores  are  associated 
varies  in  color  from  gray,  yellow,  and  green,  to  brown  and 
brilliant  red.  The  gray  and  red  colors  are  the  most  common  ; 
and  the  latter,  more  by  its  brilliant  shade  than  its  more  frequent 
occurrence^  is  markedly  characteristic.  Of  so  deep  a  hue  is  the 
red  coloring,  that  the  rock,  especially  where  weathered  and  soft,, 
has  been  used  as  a  basis  for  paint.  This  striking  color  has  given 
the  name  to  Red  Rock  island,  to  be  described  later  in  this 
chapter. 

These  rocks  are  very  hard  and  flinty,  with  a  fracture  vary- 
ing from  hackly  to  conchoidal.  In  the  neighborhood  of  the 
manganese  deposits,  they  are  sometimes  deeply  stained  with  a 
black  manganese  coloring  matter^  either  as  a  thin  film  penetrat- 
ing cracks  and  joints  or  as  a  finely  disseminated  material  which 
has  impregnated  the  whole  substance  of  the  stratum.     The  rooks 
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are  sometimes  bedded  in  thin  lamiDae,  at  other  times  in  more 
massive  strata  from  several  inches  to  several  feet  in  thickness; 
and  between  these  stages  these  are  all  gradations,  the  thin  and 
thick  strata  being  indiscriminately  associated.  Such  deposits, 
according  to  Whitney  and  to  Becker,  are  the  result  of  the 
metamorphism  of  shales,  and  in  many  places  blend  into  the 
unaltered  rock.  The  transition  from  one  rock  to  the  other 
takes  place  both  laterally  and  vertically,  and  the  extent  of  either 
one  is  very  irregular. 

Not  only  have  the  beds  been  thus  altered,  but,  where  the 
proper  constitutents  existed  in  them,  numerous  more  ur  less 
complex  minerals  have  crystallized  out  during  the  metamorphism. 
Irregular  masses  as  ^^ell  as  extensive  deposits  of  serpentine  are 
also  frequency  associated  with  the  jaspers,  and,  according  to 
Whitney  and  Becker,  have  resulted  from  the  alteration  of 
more  or  less  impure  sandstones,  in  the  same  way  that  the  jaspers 
or  phthanites  have  resulted  from  the  alteration  of  shales. 

The  rocks  with  which  the  manganese  is  associated  have  all 
been  greatly  disturbed,  and  frequently  dip  at  high  angles,  some- 
times vertically.  They  occupy  a  belt  of  country,  running  in  a 
goueral  northwest  and  southeast  direction,  and  frequently  strike 
in  that  direction  also,  but  the  disturbances  in  many  places 
have  greatly  contorted  and  confused  the  strata.  G.  F. 
Becker,*  in  speaking  of  the  time  of  the  disturbance  of  these 
rocks,  says :  '^  The  epoch  of  the  uplift  lies  between  the 
end  of  the  period  in  which  the  Knoxville  and  Mariposa 
beds  were  deposited  and  the  beginning  of  that  in  which  the 
unmetamorphosed  Wallala  series  was  laid  down,  or,  accord- 
ing to  the  paleontological  determinations,  between  the  Neo- 
comian  and  a  middle  Cretaceous  period  resembling  the 
<jlo-*8au.  Unless  the  violent  dislocation  which  took  place 
between  these  periods  was  preceded  by  a  gentle  uplift  of  the 
couutry  above  water — and  of  this  no  evidence  is  known — the 
folding  and  crushing  which  form  so  prominent  a  feature  of  the 
"Coast  Ringes  must   have  taken  place  at  the  close  of  the  Neoco- 

■>  Geologj  of  the  Quicksilver  Deposits  of  the  Pacific  Coast,  Monograph,   U.  S.  Qeol. 
Survey,  No.  XIII.,  1888,  p.  132. 
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mian."  Mr.  Becker  is  also  of  the  opioion  thit  the  metamorpbisia 
cannot  have  preceded  the  uplift,  but  that  it  occurred  imoiedi- 
atelj  after  it  and  was  ''to  a  great  extent  tiependent  on  tbe^ 
crushing  of  the  rock.'' 

The  Old  Ladd  or  Corral  Hollow  mine. — This  property  is  ia 
San  Joaquin  county,  in  a  canyon  known  as  Corral  Hollow,  twelve 
miles  south  of  the  Southern  Pacific  Railroad  at  Tracy,  and  aboat 
fifty  miles  southeast  of  San  Francisco.     It  was  originally  owned 
by  A.  8.  Ladd,  who  did  the  first   mining  on  it  in  1867;    hesoe- 
the   name,   *'01d  Ladd  mine.''      It  represents  the  locality  froia 
which  most  of  the  California  production  of  manganese  has  been 
derived,  and  its  history  is  given  on  pages  479*480.     It   is  now 
owned  by  Mr.  Justinian  Caire  of  San  Francisco   and  is  worked, 
to  a  limited  extent.      Considerable  mining  has  been  4one  on  the 
property :   a  tunnel  about  500  feet  long:  has  been  run  into  the 
hill   and  numerous  small   pits  have   been  worked. 

The  manganese  occurs  in  a  lenticular  bed  interstratified  in  red^ 
yellow,  and  gray  jasper.  The  ore,  when  fresh,  is  a  hard,  black,, 
massive  variety,  with  a  well  developed  couchoidal  fracture,  and 
sometimes  showing  a  tendency  towards  a  laminated  structure. 
On  an  exposed  surface  it  becomes  soft  and  bieaks  up  into  a  fine 
black  powder.  It  resembles,  externally  at  least,  the  mineral 
described  on  pages  481-482,  which  is  from  a  different  part  of 
the  same  bed.  The  jasper  is  frequently  stained  in  joint  cracka. 
and  cavities  by  a  thin  black  film  of  oxide  of  manganese,  and  is 
also  pierced  by  many  veins  of  quartz.  It  has  been  much  folded 
and  now  forms  a  hill  rising  almost  300  feet  ab)ve  the  surrounding 
drainage.  The  strata  all  dip  at  steep  angles  of  from  40°  to  90^ 
and  strike  in  a  general  direction  of  north-of-west. 

The  outcrop  of  the  manganese  bed  appears  on  the  west 
side  of  the  hill  and  has  been  traced  continuously  across  the- 
summit.  In  runs  in  the  direction  of  the  strike  of  the  rock  and 
has  been  followed  by  a  tunnel  for  about  five  hundred  feet.  The 
ore  bed  was  found  to  widen  and  contract  at  intervals,  expanding^ 
in  some  places  to  as  much  as  seven  feet,  and  in  others  thinnings 
out  altogether.  In  fact,  it  is  made  up  of  a  series  of  irregular^ 
and  somewhat  abrupt  lenticular  bodies,  either  near  together  and 
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connected  by  thin  seams^  or  more  or  less  completely  isolated  and 
separated  by  many  feet  of  barren  rock.  Frequently  there  are 
small  subordinate  bodies  of  ore  in  the  jasper  on  either  side  of 
the  main  deposit^  but  they  all  seem  eventually  to  run  into  the 
latter.  In  places  the  contortions  of  the  rocks  have  thrown  the 
ore  bed  into  small  folds,  and  it  is  found  lying  horizontally  at  the 
crest  of  such  disturbances;  but  this  is  of  only  local  occurrence 
the  deposit  usually  dips  steeply  with  the  enclosing  rock. 

What  appears  to  be  the  extension  of  this  same  manganese 
bed  was  traced  almost  continuously  for  a  quarter  of  a  mile  in  a 
west-by-north  direction,  and  over  a  mile  in  an  east-by-soutb 
direction.  It  thins  and  thickens  at  intervals,  and  at  times  runs 
out  altogether,  beginning  again  a  short  distance  farther  on,  just 
as  at  the  Old  Ladd  mine.  In  no  place  was  more  than  four 
hundred  yards  passed  without  seeing  signs  of  it,  and  if  the  out- 
crop were  stripped,  it  is  probable  that  the  exposures  would  be 
still  closer. 

A  quarter  of  a  mile  north-by- west  from  the  main  mine  is  a 
small  pit  showing  the  ore-bearing  deposit  with  a  width  of  from 
five  to  six  feet  of  soft  black  ore,  bounded  on  each  side  by  the: 
yellow  and  gray  jasper. 

The  Richards  claim. — The  Richards  claim  is  a  little  over  a 
mile  in  a  general  southeast  direction  from  the  Old  Ladd  mine, 
and  appears  to  be  on  the  continuation  of  the  same  ore  bed.  The 
outcrop  of  the  deposit  is  traceable  at  intervals  for  about  a 
thousand  feet,  and  is  four  feet  in  the  widest  part,  thinning  to  one 
foot  at  its  southeast  extremity.  It  strikes  in  a  north-of-west 
direction  and  dips  almost  vertically.  The  same  red  and  gray 
jasper  that  have  already  been  mentioned  form  the  country  rock. 
An  analysis  of  the  ore  from  this  property  is  given  on  pages  481 
and  483. 

Red  Rock. — Red  Rock  is  a  small  island  situated  in  the 
northern  part  of  the  Bay  of  San  Francisco,  about  three  milea 
south  of  San  Pablo  Point,  and  fifteen  miles  north  of  the  city  of 
San  Francisco.  It  is  of  a  rudely  circular  shape  and  rises  steeply 
from  the  water's  edge  to  a  height  of  about  a  hundred  feet.  It 
has  an  area  of  about  three  or  four  acres. 
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Manganese  was  mined  on  this  island  about  the  year  1867 
and  was  shipped  to  England.  The  exact  amount  of  ore  taken 
out  is  unknown^  but  it  is  stated  that  at  least  one  schooDer-load, 
and  probably  more  was  mined.*  A  small  tunnel  and  an  open 
•cut  were  made,  but  the  amount  of  work  done  was  limited. 

The  manganese  occurs  in  association  with  red  jasper  and  is 
of  a  hard,  compact,  massive  nature,  very  brittle,  with  a  sab- 
metallic  lustre,  a  deep  steel-blue  color,  a  conchoidal  fracture,  and 
occasionally  a  laminated  structure  resembling  that  of  some  of  the 
•enclosing  rock.  The  jasper  has  a  deep  blood-red  color,  though  it 
is  frequently  stained  along  cavities,  joints,  fault  lines,  and  es- 
pecially planes  of  bedding  by  a  black  film  of  oxide  of  manganese, 
which  gives  the  rock  a  beautifully  banded  appearance.  The  red 
varieties,  where  soft  and  decomposed,  have  been  used  as  the  basis 
for  a  paint.  The  jasper  is  much  disturbed,  but  its  general 
dip  varies  from  south  to  west,  though  the  contortions  have  caused 
<3onsiderable  irregularity  in  the  uniformity  of  the  strata.  It 
oompri"i€S  the  southwest  part  of  the  island  and  rises  in  an 
almost  vertical  cliff,  conspicuous  by  its  brilliant  red  color,  and 
hence  the  name  of  the  island.  At  this  point  the  strata  are 
almost  vertical,  while  to  the  northeast  they  lie  at  lower  angles, 
and  in  places  are  almost  horizontal.  Rising  from  under  the 
jai^per  and  forming  the  northeast  part  of  the  island  is  a  softer, 
yellowish-green  rock,  comprising  an  area  much  lower  than  the 
other  part  of  the  island,  and  sloping  off  gently  t©  the  bay.  This 
rock  sometimes  appears  to  be  stained  with  manganese,  but  does 
not  contain  any  considerable  quantity,  and  the  ore  so  far  as  seen 
IS  practically  confined  to  the  jasper. 

The  ore  occurs  both  in  the  planes  of  bedding  and  in  joint 
-cracks  and  faults  in  the  form  of  more  or  less  continuous  seams, 
varying  from  a  mere  film  to  a  foot  in  thickness.  The  seams  in 
the  bedding  planes  are  apparently  the  most  constant,  while  the 
others  probably  represent  the  result  of  a  secondary  chemical 
action,  by  which  the  ore  has  been  carried  in  solution  from  the 
bedded  deposits  into  fracture  caused  by  the  disturbances  in  the 
rock.     The  quantity  of  ore  on  the  island  is  very  limited. 


«  For  further  details  see  page  479. 


THE  MANOAKBSE  DEPOSITS  OF  CALIFORNIA.  489 

San  Francisco. — A  jasper  similar  to  that  already  described, 
"Ead  containing  small  quantities  of  manganese,  is  seen  in  the  city 
of  San  Francisco,  especially  on  Bernal  Heights,  at  the  quarries 
Hi  22d  and  Castro  streets,  on  19th  street  between  Castro  and 
Noe,  in  Golden  Gate  Park,  and  elsewhere.  Sometimes  lumps  of 
mangauese  ore  are  found  in  these  places,  and  the  jasper  is  more 
or  less  stained  with  it,  but  the  quantity  is  insignificant  and  the 
localities  are  mentioned  only  to  show  the  general  distribution 
of  small  quantities  of  manganese  in  the  metamorphosed  shales  of 
of  the  Coast  Ranges. 

Tomales  and  PresUyrCs  Point. — Similar  jasper  with  a  similar 
stain  of  manganese  occurs  one  mile  east  of  Tomales,  in  Marin 
county,  and  also  on  Preston's  Point,  two  and  a  half  miles  south- 
west of  Tomales,  but  in  neither  place  has  any  appreciable  quan- 
tity of  ore  been  found. 

Saucelito. — Saucelito  is  on  the  southern  part  of  a  chain  of 
raouDtains  separating  the  northern  part  of  the  Bay  of  San  Fran- 
cisco from  the  Pacific  Ocean,  and  ending  abruptly  at  the  Golden 
Gate.  Manganese  ore  has  been  found  in  small  quantities  in 
several  places  in  these  mountains  just  west  of  Saucelito.  It  was 
mined  in  about  the  year  1882,  for  use  as  a  fiux  in  a  smelter  at 
that  town,  but  work  was  shortly  afterwards  abandoned.  A  few 
shallow  pits  were  opened,  but  only  small  quantities  of  ore  were 
mined. 

The  mountains  rise  several  hundred  feet  above  the  waters 
of  the  bay,  and  are  composed  largely  of  shales  in  various  stages 
of  metamorphism,  from  an  earthy,  soft,  unaltered  material,  to  a 
hard,  flinty  jasper.  They  are  of  a  deep  red  color,  though  often 
locally  stained  black  with  oxide  of  manganese.  The 
openings  have  been  made  near  the  summit  of  one  of  the  mountains, 
where  the  stain  becomes  much  more  marked,  and  the  thin  films 
of  ore  occasionally  widen  into  nests  or  pockets  from  one  to  three 
feet  or  more  in  diameter.  The  ore  is  a  massive,  sometimes  porous, 
brig;ht,  glossy,  black  material,  hard,  with  a  suBmetallic  lustre  on 
a  fresh  fracture  and  dull  appearance  on  a  weathered  surface.  It 
is  frequently  stained  by  iron.  The  jasper  is  much  disturbed 
«nd  is  often  cut  by  a  network   of  thin  veins  of  white   quartz. 
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giving  it  a  brecciated  appearance  and  a  variegated  color.     Ncv 
considerable  quantities  of  manganese  ore  are  seen  at  this  locality.. 

Little  Stony, — The  village  of  Little  Stony,  also  kaown  a&. 
Smithville,  is  in  Colusa  county,  near  the  head  waters  of  Little 
Stony  Creek,  and  about  twenty  miles  west  of  the  Southern 
Pacific  Railroad.  Manganese  has  been  found  in  several  places, 
from  three  to  four  miles  northwest  of  the  village,  on  the  eastern 
foot-hills  and  the  flanks  of  St.  John  Mountain,  one  of  the  peaKs 
of  the  main  chain  of  the  Coast  Ranges. 

At  one  of  these  localities,  on  a  claim  owned  by  Messrs^ 
Smith  and  Sisk,  of  Little  Stony,  a  small  opening  has  been  made- 
but  no  ore  has  yet  been  shipped.  The  manganese  occurs  in  the 
same  jasper,  or  metamorphosed  shale,  that  has  been  mentioned 
before,  except  that  in  some  places  the  rocks  are  less  brilliantly 
colored  aud  are  often  of  a  drab  gray.  They  are  frequently  pierced 
by  innumerable  veins  of  white  quartz.  The  ore  is  hard,  blacky 
and  massive. 

The  jasper  dips  almost  vertically,  and  strikes  west-by-north* 
The  ore-bearing  part  of  the  rock  is  from  five  to  ten  feet  in  its 
widCvSt  part  and  has  been  traced  in  the  direction  of  the  strike  for 
about  200  feet.  It  appears  to  represent  an  inter- 
bedded  stratum  in  the  jasper,  and  is  not  composed 
entirely  of  ore,  but  contains  it  in  quantities  varying  from 
less  than  a  fourth  to  almost  half  the  mass  of  the  bed.*  Traces 
of  manganese  appear  elsewhere  on  the  hill  and  frequently  the 

'>  Small  nests,  from  a  sixteenth  to  an  eighth  of  an  inch  in  diameter,  of  a  red  or  crimaon . 
mineral,  someiimes  crystallioe,  occur  sparingly  in  the  ore.     It   seems  to  be  cinnabar,  but 
as  the  specimens  collected  were  lost  in   transportation,  no  chemical  tests  were  made.     The 
same  material  frequently  impregnates  joints  in  the  ore.    The  presence  of  cinnabar  in  the 
jasper,  or  phtbanite,  is  a  frequent  occurrence,   though  it  is  also  associated  with  variooa 
other  rocks.      G.   F.    Becker,  (&Conograph  U.  S.   Geol.   durv..  No.  XIII.,   1888,  p.   391.)    In 
speaking  of  the  rocks  in  which  this  mineral  occurs,  says  :    "  The  country  rock  of  the  cinnabar 
deposits  is  of  the  most  varied  character,  and  I  am  unable  to  see  that,  excepting  from   a 
mechanicsl  point  of  view,  the  rock  has  exerted  any  influence  on  deposition.    The  oldest  rock 
in  which  cinnabar  occurs  is  granite,  in  which  the  main   part  of  the  deposit  at  Steamboat . 
Springs  is  found.    The  ore  occurs  in  every  variety  of  the  early  Cretaceous  rocks,  in   unaltered 
sandstones,  and  also  in  phtbanite,  pseudodiabase,  pseudodiorite,  glaucophane  schists,  and  8er<^ 
pentine.    The  mo«it  important  deposits  occur  in  the  metamorphosed  rocks,  but  this  seema  to  be 
due  only  to  their  hardness  as  will  be  explained  a  little  later."    Mr.  Becker  supposes  the  ore 
to  have  been  brought  from  below  and  to  owe  its  presence  to  a  '*  precipitation  in  fissures  froBK 
ascending  hot  solutions.  "    (Loc.  eit.,  p.  416.) 
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rock  is  impregnated  with  it  in  every  available  crevice,  bat  except 
in  the  place  just  described  it  exists  in  only  insignificant  quan- 
tities. 

A  mile  and  a  half  northwest  of  this   locality   and  on  the- 
slope  of  St.  John   Mountain,  a  similar  ore  occurs  in  a  similar 
rock.     The  jasper  has  more  of  the  characteristic  red  color  than. 
at  the  last  place,  and  often  blends  into  the  unaltered  shale,  from, 
which  it  wpis  originally  derived.     The  part  of  the  rock  contain- 
ing the  manganese  is  about  twenty  feet  thick,  with  ore  irregularly 
scattered  through   it  and  forming/  only  a  small  fraction  of  the- 
mass.     The  ore  is  traceable  for  a  few  hundred  feet  in  the  direc- 
tion of  the  strike,  when  it  becomes  covered  by  debris  from  the- 
mountain  side.     Between  this  locality  and  the  last  there  is  a. 
similar   but  smaller  deposit,    and  others   are   also   reported   at 
various  places  from  five  to  ten  miles  south  of  Little  Stony.     In. 
fact,  the  whole  Coast  Ranges  from  the  peninsular  of  San  Fran- 
cisco  northward   to    Colusa   county,  and   probably  beyond,  is 
characterized  at  intervals  by  a  stain  of  manganese,  which  oc« 
casioually  increases  in    quantity  until  it  blends  into  the  local 
deposits  already  described. 

THE   MANGANESE   DEPOSITS   OF   THE   SIERRA  NEVADA. 

Location  and  general  features, — The  few  manganese  deposits, 
that  have  so  far  been  found  in  the  Sierra   Nevada  in  California^, 
occur  on  the  western  slope  of  the  mountains  in  Tuolumne,  Cali- 
vera8,    Placer,  and  other  counties.     They  are  very  limited    ia. 
extent,   and  have,  so  far,  proved  of  no  economic   importance^ 
No  manganese  ore  has   ever   been   shipped  from  any  of  them. 
They   are  found  in    connection    with  the   auriferous  slate  and 
limestone   of   the  Sierra,    either   in  place  in   the   rocks   or  as. 
nodules  in    the  auriferous  gravel  which  covers   their   decayed 
surface. 

The  ores  are  found  both  in  the  form    of  oxide    and    of 
silicate  of  manganese  (rhodonite).     Their  mode  of  occurrence  i&. 
very  different  in  different  places,  so  that  no  further  generalizations, 
can  be  given  here,^but  the  details  of  individual  localities  ar^ 
described  below. 
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Sonora. — The  town  of  Sonora  is  on  the  western  slope  of  the 
Sierra  Nevada^  in  Tuolumne  county,  thirty-six  miles  southeast 
of  Milton^  the  terminus  of  a  branch  of  the  Southera  Pacific 
Railroad,  and  about  a  hundred  miles  due  east  of  San  Francisco. 
Manganese  has  been  found  two  miles  north  of  the  town  on  the 
land  of  William  S.  Macomber. 

This  locality  is  surrounded  by  some  of  the  earliest  of  the  once 
most  productive  placer  gold  diggings  in  California,  though  at 
present  mining  operations  have  greatly  diminished.  The  onan- 
ganese  occurs  in  the  forms  of  oxide  and  of  silicate  (rhodonite),  in 
a  deposit  between  a  green  porphyry  and  a  schistose  rock  of  the 
same  color.  These  rocks  dip  vertically,  or  almost  so,  and  rise  in 
a  somewhat  abrupt  hill,  having  withstood  the  disintegrating 
agencies  which  have  worn  the  surrounding  limestone  down  to  a 
lower  level.  To  the  north  and  south  of  the  hill  are  areas 
of  white  or  gray  crystalline  limestone  and  of  slate. 

The  schist  borders  the  ore  deposits  on  the  south  and  is  a 
green  material  of  more  or  less  chloriticor  micaceous  nature,  either 
fine  and  granular,  or  coarse  and  showing  a  laminated  structure. 
The  same  rock  and  also  a  gray  or  brown  schist  are  found  else- 
where in  the  hill.  The  porphyry  consists  of  a  dark  green 
matrix  with  white  feldspar  crystals,  and  frequently  has  a 
granular  structure.  It  borders  the  ore  deposit  on  the  north, 
and  also  occurs  on  other  parts  of  the  hill.  It  has  the  appearance, 
externally,  of  an  igneous  material,  but  may  possibly  represent  a 
metamorphosed  sedimentary  deposit*.  Professor  J.  D.  Whit- 
ney, t  in  speaking  of  metamorphism  in  the  auriferous  slate 
formation,  in  the  same  region  as  the  limestone,  says  :  ^^  Besides 
the  slate,  there  are  sandstones  in  various  stages  of  alter- 
ation;  but  they  have  almost  everywhere  been  highly  meta- 
morphosed since  their  deposition.  They  frequently  pass  into 
dioritic  or  trappean  varieties,  which  it  is  difficult  to  distinguish 
from  the  really  intrusive  or  eruptive  masses.  They  also  assume 
a  porphyritic  structure,  appearing   in    various  forms    of  horn- 

*  The  time  aTailable  for  the  examination  of  this  property  did  not  permit  an  ioTesti* 
■  gation  of  the  relation  of  this  rock  to  those  in  the  vicinitf,  and  therefore  nothing  more  definite 
«oan  be  stated  concerning  it. 

t  Geological  Survey  of  California,  1865,  Vol.  I.,  Geology,  p.  282. 
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blende^porphyrji  and  passing  into  compact  hornblende-rock,  or 
amphibolite.  Serpentine  is  also  one  of  the  forms  of  metamor- 
phism  of  the  rooks  of  the  auriferous  slate  series,  and  it  occurs  in 
large  masses  in  Tuolumne,  as  well  as  all  the  other  mining 
counties.'^  The  geologic  age  of  the  limesione  belt  of  the  Sierra^ . 
of  which  the  region  in  question  forms  a  part,  is  supposed  by 
Professor  Whitney  to  be  probably  Carboniferous.  * 

The  rocks  strike  in  a  general  east  and  west  direction,  and 
the  ore  deposit  follows  the  same  general  strike,  though  in  some 
places  it  appears  to  bear  a  little  to  the  north  of  west,  possibly 
on  account  of  a  flexure  in  the  rocks.  Its  outcrop  is  seen  in  only 
a  few  places,  on  account  of  the  heavy  covering  of  soil.  Two 
small  pits  have  been  sunk  on  it,  one  to  a  depth  of  thirty  feet,  and 
the  other  to  eighteen  feet.  They  are  now  mostly  filled  up,  but  it 
is  said  that  at  the  bottoms  of  them  the  ore  body  varied  from 
nine  to  twelve  feet  in  thickness.  The  ore  is  composed  of  a 
mixture  of  th6  oxide  and  a  beautiful  pink  rhodonite  and  is  as-, 
sociated  with  pure  quartz. 

The  rhodonite  is  a  pink,  translucent  mineral  with  a  fine- 
ly granular  structure  and  a  hardness  of  about  6.  The  oxide 
of  manganese  varies  from  a  hard,  compact,  siliceous,  black 
material  to  a  soft,  black  mass  of  the  consistency  of  talc,  and 
sometimes  has  the  same  granular  structure  as  the  rhodonite.. 
Both  the  oxide  and  rhodonite  are  either  intimately  mixed  or  in 
contiguous  but  distinct  masses.  They  always  blend  into  one 
another,  however,  and  wherever  found  the  oxide  occupies 
the  most  exposed  positions,  surrounding  masses,  ox  enclosing 
small  kernels  of  rhodonite.  To  the  depth  that  the  shafts  have 
been  sunk,  the  oxide  composes  the  larger  part  of  the  ore, 
but  almost  every  mass  of  the  material  seen  on  the  dump  contains 
a  kernel  of  rhodonite.  There  seems  to  be  no  doubt  that  all  the 
oxide  has  come  from  the  oxidation  of  the  rhodonite,  and  that  at 
a  certain  depth  the  whole  mass  would  be  found  to  merge  into 
that  mineral. 

According  to  present    market   standards,  rhodonite  is  of 
no  value  as  a  source  of  manganese  on  account  of  its  high  per- 

*  Geological  Surrey  of  CtlifornUi  1866,  Vol.!.,  Geology,  pp.  828-329. 
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<!eDtage  of  silica,  nor  can  it  be  used  as  an  oxidizing  material  for 
chemical  purposes  as  it  contains  no  peroxide  of  manganese^ 
though  the  oxidized  part  of  the  deposit  contains  small  quantities 
of  that  ingredient.  Rhodonite  is  used^  however,  for  catting 
into  gems,  and  the  beautiful  pink  color  of  the  Sonora  mineral 
would  permit  its  use  for  this  purpose  if  it  were  mined  at  a  depth 
sufficient  to  obtain  it  unblemished  by  the  black  oxidation  product 
that  stains  it  on  the  surface.  Rhodonite  has  also  been  used  for 
glazing  pottery,  as  a  flux  in  iron  furnaces,  and  for  other 
purposes. 

Columbia. — The  town  of  Columbia  is  in  Tuolumne  county, 
about  six  miles  north  of  Sonora.  Small  quantities  of  manganene 
ore  have  been  found  in  the  auriferous  gravel  in  the  neighbor- 
hood. This  region,  just  as  the  vicinity  of  Sonora  and  else- 
where in  eastern  Tuolumne  county,  was  the  seat  of  extensive 
placer  workings  during  the  early  days  of  California  gold  mining. 
Now  many  of  the  placer  deposits  have  been  exhausted,  and  the 
working  of  others  has  been  curtailed  by  the  law  restricting 
hydraulic  mining.  But  the  evidence  of  the  former  industry  is 
seen  in  the  large  heaps  of  gravel  and  the  areas  of  bare  rock 
stripped  of  their  original  covering. 

The   rocks   are    mostly  limestone  and  slate,  striking  in    a 
general  east  and  west  direction  and  dipping  at  steep  angles  of 
from  45®  to  90°.     The  edge  of  the  slate  often  forms  compara- 
tively continuous  ridges;  but  the  more  easily  eroded  limestone 
occupies  the  valleys  and  flats  and  is  often  covered  by  auriferous 
gravel.     Where  seen  in  the  old  diggings  it  forms  series  of  jagged 
^nd   irregular  knobs,  often  of  fantastic  shapes,    following   the 
lines  of  strike  of  the  formation.     In  the  auriferous  gravel  of  this 
region,  nodules  of  manganese  ore  from  one   to   six  inches  in 
diameter  are  frequently  found.     The  ore  is  in  the  form  of  oxide, 
is   of  a   black   color,  hard,   and  massive,  sometimes  granular, 
^and  is  in  kidney-shaped  and  mammillary  masses.    It  has  probably 
weathered  out  of  the  rocks  of  the  region  and  collected  in  the 
gravel.      It  occurs   on   Knapp's   ranch,    on    the    outskirts   of 
'  Columbia,  and  also  in  many  other  places.      It  is  not  in  sufficient 
quantity  to  be  of  any  commercial  value,  but  is  mentioned  here 
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"^8  this  district   is  often    referred   to  as   a  manganese  locality, 
Patches   of  an   earthy,  black  wad  are  also  frequently  seen   in 
-•cavities  in  the  limestone,  and  are  probably  due  to  the  concentra- 
tion of  small  quantities  of  manganese  during  the  decomposition 
of  that  rock. 

One  mile  east  of  Columbia  manganese  ore  is  seen  in  place 
in  a  shaly  slate.  The  ore  is  in  the  oxide  form,  is  granular  in 
structure,  and  is  associated  with  transparent  quartz.  The 
deposit  is  mostly  obscured  by  soil,  so  that  its  mode  of  occurreuce 
cannot  be  made  out,  but  a  small  prospect  hole  sunk  on  it  shows 
it  to  be  from  one  to  two  feet  in  width.  It  probably  represents 
-a  limited  lenticular  deposit  in  the  slate.  The  latter  is  of  a  rusty 
gray  color,  strikes  east  and  west,  dips  almost  vertically,  and  is 
interbedded  in  the  limestone  of  the  region. 

Cape  Horn. — The  name  Cape  Horn  is  given  to  a  rugged 
and  almost  vertical  cliff  several  hundred  feet  in  height,  which 
forms  the  northern  side  of  the  north  fork  of  the  American 
River,  two  miles  east  of  the  town  of  Colfax  in  Placer  county. 
The  river  rises  in  the  main  range  of  the  Sierra  Nevada,  to  the 
east  of  the  town  of  Colfax,  and  flows  thence  southwest  into  the 
Sacramento  River.  In  Placer  county,  which  it  intersects 
longitudinally,  it  has  cut  a  succession  of  deep  canyons  of  which 
the  locality  in  question  forms  a  part.  In  the  face  of  the  cliff  at 
Cape  Horn  are  exposed  a  series  of  slaty  and  schistose  strata, 
frequently  micaceous  and  containing  numerous  veins  and  lentic- 
ular layers  of  quartz.  The  rocks  strike  in  a  general  northwest 
direction,  and  dip  almost  vertically,  sometimes  with  a  slight 
inclination  to  the  southwest.  Manganese  is  seen  in  many  places 
near  the  base  of  the  hill,  and  occurs  in  the  form  of  black  oxide, 
in  thin  seams  from  a  sixteenth  to  an  eighth  of  an  inch  in  thick- 
ness. It  often  forms  a  network  of  thin  veins,  but  the  quantity 
^f  ore  so  far  as  yet  discovered,  is  very  limited,  and  of  no  com- 
tnercial  importance. 


CHAPTER  XX. 
THE  MANGANESE  DEPOSITS  OF  CANADA, 

LOCATION   OF   THE   DEP08ITS. 

Manganese  ores  have  been  found  in  many  parts  of  Canada^ 
but  the  workable  deposits,  so  far  as  yet  knowui  exist  onlj  in  thtt- 
provinces  of  New  Brunswick  and  Nova  Scotia,  and   even   tbere^ 
they  are  mostly  confined  to  the  area  of  the  Lower  Carboniferoua 
rocks.     Small  quantities   have  been   found  in   both  older   and 
younger  rocks,  but  attempts  to  work  them  as  a  source  of  man- 
ganese have  so  far  proved  unsuccessful.      Most  of  the   deposits 
that  have  been  worked  are  either  directly  on,  or  within  a    few 
miles  of  the  shores  of  the  Bay  of  Fundy  or  of  its  eastern  extremi- 
ties, known  as  Minas  Basin  and  Chignecto  Bay.     Similar  ores,. 
however,  are  also  found  on  the  Atlantic  coast  of  Nova    Scotia 
and  in  Cape  Breton. 

HISTORY   OF   MANGANESE   MINING   IN   CANADA. 

The  history  of  manganese  mining  in  Canada  has  already 
been  given  in  the  general  description  of  the  industry  in  the 
United  States  and  Canada  in  chapter  III.,  but  the  part  pertain— 
ing  especially  to  Canada  is  summarized  here. 

Manganese  was  mined  in  Hants  county.  Nova  Scotia,  as. 
early  as  1861,  but  the  first  systematic  work  was  done  at  the  Tenny 
Cape,  in  that  county,  in  1862,  under  the  management  of  John 
Browne.  In  1864  the  mine  at  Markhamville,  New  Brunswick,. 
was  opened  under  the  management  of  Major  A.  Markham,  and 
has  been  worked  almost  continuously  ever  since.  This  property 
has  yielded  over  half  the  total  Canadian  production  of  man-^ 
ganese,  and  under  the  management  of  Major  Markham  has  been 
for  many  years  past,  and  is  still,  the  leading  producer  of  Canada^ 
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Up  to  1890  its  total  output  is  said  to  have  been  nearly 
40^000  tons.  Next  to  the  Markhamville  mine  the  Tenny 
Cape  mine  has  probably  produced  more  than  any  other  in 
Canada^  its  total  output  up  to  the  end  of  1890  having  probably 
been  over  8,000  tons. 

Besides  these  two  mines,  many  others  in  both  New  Brun:-* 
wick  and  Nova  Scotia  have  been  opened  up  at  various  times^ 
and  some  of  them  are  being  worked  at  present.  Among  those 
in  New  Brunswick  are  the  Quaco  Head,  Jordan  Mountain^ 
Glebe,  and  Shepody  Mountain  properties,  besides  several  others. 
The  Quaco  Head  mine  has  been  worked  intermittently  for  a 
number  of  years,  and  is  at  present  being  operated  by  the  Bruns- 
wick Manganese  Company.  Among  the  other  localities  in  Nova 
Scotia,  manganese  has  been  mined  at  Cheverie,  Walton,  Onslow 
Mountain,  and  elsewhere.  At  Loch  Lomond,  Cape  Breton, 
manganese  mining  was  begun  in  1881  by  E.  T.  Moseley^ 
and  has  been  carried  on  intermittently  ever  since. 

Probably  50,000  tons  would  more  than  include  the  total 
production  of  manganese  ore  in  Canada  up  to  December  31^ 
1890.  The  detailed  statistics  of  production,  exports,  and  imports 
for  both  New  Brunswick  and  Nova  Scotia  are  given  in  chapter 
IIL,  pages  70-73. 

THE   GEOLOGIC   RELATIONS  OF   THE   MANGANESE  DEPOSITS. 

The  most  important  of  the  manganese  deposits  of  New 
Brunswick  and  Nova  Scotia  occur  in  the  Lower  Carboniferous 
limestone  or  the  associated  strata.  The  exact  stratigraphic 
relation  of  the  rock  with  which  the  ores  are  associated  in  some 
of  the  different  parts  of  the  region  is  not  in  every  case  entirely 
clear,  but  with  the  exception  of  certain  localities  to  be  mentioned 
later  in  this  chapter,  all  the  deposits  occur  within  the  Lower 
Carboniferous  series.  The  position  of  the  manganese-bearing 
limestone  formation  in  the  Carboniferous  system  is  represented  in 
group  4  in  the  following  section  by  Sir  William  Dawson :  * 

'*  When  fully  developed,  the  whole  Carboniferous  series. 


*  Acadian  Geology,  third  editloB,  1878,  p.  129. 
32  Geological,  Vol.  J.,  1890. 
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may  be  arranged  in  the  following  sabordinate  groups  or 
formations,  the  limits  of  which  are,  however,  in  most  cases 
not  clearly  defined : 

"(1).  ITie  Upper  Coal  FormcUiony  containing  coal  formation 

plants,  bat  not  productive  coals. 
"(2).  T7u  Middle  Coal  Formaiiorij  or  coal  formation  proper, 

containing  the  productive  coal-beds. 
"(3).  The  Millstone-grit  Series^  represented  in  Nova  Scotia 
by  red  and  gray  sandstone,  shale,  and  conglomerate, 
with  a  few  fossil  plants  and  thin  coal  seams,  not  pro- 
ductive. 
*'(4).    TTie   Carboniferous  Limestone,  with  the  associated 
sandstones,  marls,  gypsum,  etc.,  and   holding   marine 
fossils,  recognized  by  all  paleontologists  who  have  ex- 
amined them  as  Carboniferous, 
"(5).   The  Lower  Coal  Measures,  holding  some,  but  not  all, 
of  the  fossils  of  the  Middle  Coal  formation,  and  thin 
coals,  not  productive ;  but  diftering  both  in  flora  and 
fauna  from  the  Upper  Devonian,  which  they  overlie 
unconformably." 
Among  the   most    noticeable   features  of   the  Lower 
Carboniferous  rocks  in  the  Bay  of  Fundy  basin  are  the  large 
deposits  of  gypsum  and  anhydrite  which  exist  in  group  4  of 
the  above  section.     These  are  interbedded  with  the  other 
rocks  and  in   some' places   overlie   the  manganese-bearing 
limestone.     Their  possible  relation   to,   and   effect   on    the 
manganese  deposits  are  further  discussed  at  the  end  of  this 
chapter. 

The  geologic  structure  of  the  basin  of  the  Bay  of  Fundy, 
in  which  most  of  the  manganese  deposits  occur,  is  consider- 
ably complicated  on  account  of  the  disturbances  to  which  it 
has  been  subjected  at  different  geologic  times.  Sir  Wil- 
liam Dawson,  however,  in  his  Acadian  Geology,  has  given 
valuable  information  on  the  geology  and  resources  of  the 
region.  In  the  New  Brunswick  part  of  it  the  geology  has 
been  further  worked  out  by  G.  F.  Matthew,  L.  W.  Bailey 
and  R.  W.  Ells,  and    their  results    are    published  in  the 
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reports  of  the  Canadian  Geological  Survey ;  while  E.  Gilpin, 
Jr.,  in  various  publications  referred  to  later  in  this  chapter, 
has  given  excellent  descriptions  of  the  different  ore  deposits 
of  Nova  Soctia  and  their  geologic  relations. 

The  lowermost  rocks  of  the  region  in  question  are  meta- 
morphic  and  of  pre-Paleozoic  age.  Overlying  them,  and 
-coveriftg  the  larger  part  of  them  are  found,  in  difterent 
places,  rocks  of  Cambrian,  Silurian,  Devonian,  and  Carbon- 
iferous ages,  which  have  been  greatly  disturbed  and  are  now 
seen  in  various  degrees  of  folding.  These  are  occasionally 
overlain  unconformably  by  isolated  areas  of  New  Red  Sand- 
stone (Triassic),  filling  basins  in  their  denuded  surfaces. 
A  large  part  of  the  Nova  Scotia  coast  of  the  Bay  of  Fundy 
is  lined  with  eruptive  Triassic  traps,  and  evidences  of  eruptive 
action  are  seen  at  various  horizons  throughout  the  other 
strata  represented  in  the  region. 

The  pre-Paleozoic  rocks  appear  in  scattered  outcrops 
or  in  long  ridges  bordered  by  the  younger  strata.  The  Car- 
boniferous rocks  cover  a  large  part  of  the  region,  but  the 
Silurian  also  comprise  considerable  areas,  while  the  Devonian 
and  Cambrian  rocks  are  represented  by  smaller  exposures. 
The  Triassic  sandstone  forms  a  broken  fringe  at  intervals 
«.long  the  shore  of  the  bay  and  is  prominent  by  its  character- 
istic red  color.  The  rocks,  however,  that  are  of  most  im- 
portance to  the  subject  under  consideration  are  the  Lower 
Carboniferous,  and  these  are  found  over  a  very  considerable 
territory  both  in  New  Brunswick  and  Nova  Scotia.  They 
frequently  comprise  large  areas  on  the  immediate  coast  of 
the  Bay  of  Fundy,  especially  near  its  head,  on  the  shores  of 
Minsas  Basin  and  Chignecto  Bay;  and  they  also  play  a 
prominent  part  in  the  stratigraphy  of  the  interior.  Small 
quantities  of  manganese  ore  have  also  been  foand  in  pre- 
Paleozoic,  Cambro-Silurian,  Coal  Measure,  Triassic,  and  the 
other  rocks  and  will  be  further  mentioned  later  in  this 
chapter. 

THE   HANGANISB   ORES. 

Mineralogical  forma  of  the  ores. — The  manganese  ores  of 


% 
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New  Brunswick  and  Nova  Scotia  represent  oxides  of  the- 
metal^  and  are  mostly  in  the  forms  of  pyrolasite,  man^Dite^ 
psilomelane,  and  wad. 

PyrolusUe,  manganite,  and  pailomelane. — Pyrolusite,   man- 
ganite^  and  psilomelane  often  occur  together,  blending  into 
each  other  and  varying  considerably  in   relative   amounts. 
Sometimes,  as  at  Tenny  Cape,  pyrolusite  is  the  predominat- 
ing mineral,  though  smaller  quantities  of  the  others   exist. 
At  Cheverie  and  Walton  manganite  is   common,   while  at 
Markhamville  pyrolusite  and  manganite  are  both   found   in 
considerable  quantities.    Psilomelane  is  frequently  associated 
in  greater  or  less  quantities  with  the  other  oxides. 

The  character  of  these  ores  varies  slightly  in   different 
places,  but  they  conform,  in  a  general  way,  to  the  descrip- 
tions of  manganese  ores  given  in  chapter  V.     The  pyrolusite 
occurs  in  nests  of  fibrous,  orthorhombic  prisms,  often  radiat- 
ing  from  a  center  or  encrusting  masses  of  psilomelane. 
Sometimes    the    fibres   are  long  and  slender  with   perfect 
terminations,   sometimes  short  and  more  compact,  or   even 
existing  as  a  finely  granular,  crystalline  aggregate.    The  man- 
ganite is  not  usually  in  such  large  crystals  as  the  pyrolusite^ 
but  often  occurs  in  well  developed  prisms,  markedly  diflFerent 
from  those  of  pyrolusite  in  their  greater   hardness.     The 
psilomelane  is  in  more  or  less  nodular  masses  of  dark  steel- 
blue    or    black    ore,    often    coated    by    an   incrustation    of 
radiating    crystals    of   pyrolusite.     All  three  varieties   are 
frequently  associated  with  calcite,  barite,  selenite,  and  some- 
times limonite  and  hematite,  besides  other  minerals  in  small 
quantities. 

The  analyses  given  below,  made  by  Professor  Hi  How, 
represent  the  composition  of  pyrolusite  and  manganite  from 
Nova  Scotia: 

Analysis  of  pyrolusite  from  Amherst^  Nova  Scotia.^ 

MftDganese  peroxide  (MnOa) ^ 97.04 

Water  (HaO) 0.61 

Gangue  and  loss » 2.86 

100.00 
«H.  How,  London,  Edinburgh  and  Dublin  Phil.  Mag.,  March,  1866. 
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The  insolable  matter  (gangae)  was  brownish-white  and 
^nd  most  probably  consisted  of  barytes." 

Analysis  ofmanganite  from  Cheveriej  Nova  Scotia/^ 

MaDganese  Basquioxlde  (M112O3) ^..  86.81 

Water  (H2O) 10.00 

•angne.^... 1,14 

0zld«  of  Iron,  harite  and  loss 2.05 

100.00 

It  will  be  observed  that  the  manganite  analysis  repre- 
sents an  impure  hydroas  sesquioxide  of  manganese,  approach- 
ing, when  the  impurities  are  disregarded,  the  theoretical 
composition  of  manganite,  MujO,,  HjO,  which  contains : 
manganese  sesquioxide,  89.8 ;  water,  10.2. 

Wad. — Wad  is  by  far  the  most  abundant  of  the  manganese 
minerals  in  Canada,  but  it  is  of  low  grade,  representing  a  highly 
siliceous  bog  manganese,  and  is  not  used  as  a  source  of  the  metah 
From  a  commercial  standpoint,  therefore,  it  cannot  be  termed  an 
ore.  It  is  occasionally  used  as  a  basis  for  pigments,  but  even  for 
this  purpose  its  consumption  is  limited.  Small  quantities  have 
been  mined,  though  but  little  of  it  has  been  shipped  out  of  the 
provinces.  It  occurs  in  association  with  many  of  the  rocks 
represented  in  the  region,  but  is  often,  or  even  generally,  a 
i?econdary  product,  arising  from  the  surface  decay  of  these 
rocks,  and  has  not  always  been  laid  down  in  its  present  form 
with  them.  This  is  especially  true  of  the  areas  of  crystalline 
rock,  where  wad  often  occupies  hollows  on  the  surface  and  is  the 
result  of  the  decomposition  of  the  underlying  rock.  Sometimes, 
however,  especially  in  the  younger  rocks,  wad  occurs  as  a  bed  laid 
down  at  the  same  time  as  the  enclosing  strata.  It  is  usually 
a  more  or  less  porous,  earthy  material  of  a  brown  or  black  color, 
either  in  the  form  of  nodules  in  clay  or  as  a  continuous  bed, 
somf'times  several  feet  in  thickness  and  exceedingly  variable  in 
"Composition.  It  contains  from  10  per  cent  to  over  30  per 
cent  of  manganese  and  sometimes  over  25  per  cent  of  water.  It 
is  always  associated  with   more  or  less  iron. 

^'  London,  Edinburgh  and  Dublin,  Phil.  Mag.,  March,  1866. 
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Large   quantities  of  wad  are  btited  by  R.  Chalmers,*  to 
exist  in  the  gravel  near  the  Government  House,  Frederiotoo,  N« 
B. ;  also  at  Queensbury,  York  county,  and  at  Liacoln,  Sunbary 
county.       E.    Gilpin,    St.,   reports  f    its    existence     in    ^ova 
Scotia  at  Chester,  Parrsborough,  Jeddore,  Beech  Hill,  Liochaber^ 
Tracadie,  Louisburg,  Sydney,  and  oji  BouUrderie  Island;  also^ 
at  Ship  Harbour,  St.  Margaret's  Bay,  Shelburue,  La  Have,  Spring- 
hill,  and  in  Pictou  and  Antigoninhe  counties.  Hugh  Fletcher§  re- 
ports it  as  existing  on  the  road  to  Goshen   from  the   foot  of 
Lochaber,  on  the  telegraph  road  near  Afton,  in  Pomquet  River,, 
in  Southerland's  Brook  immediately  above  the  East  River  of  St^ 
Mary's,  and  on  the  hill  south  of  the  railway  webt  of  Piedmont 
station.      Wad  has  also  been  found  in  many  places  in  the  eastern 
townships  in  the  Province  of  Quebec,  especially  in  the  town- 
ships of  Bolton  and  Stanstead.     It  also  occurs  in  the  township 
of  Tring,  iu  the  seignories  of  Aubert  Gallion,  St.    Mary,   St. 
Anne  de  la  Pocati^re,  Cacouna,  and  many  other  places.)!      These- 
localities  are  only  a  part  of  the  many  that  are  known,  but  they 
will  serve  to  show  the  general  distribution  of  wad  in  Canada.. 
The  following  analysis  by  Mr.  Gilpin    shows  the  composition  of 
a  characteristic  specimen  of  wad  from  BouUrderie  Island,    Capa 
Breton. 

Analysis  of  wad  from  Boularderie  Inland^  Cape  Breton.^ 

Manganese  ptroxide  (MnOs)... 44.83 

Ferric  oxide  (Fe20») 85.50 

Insoluble  matter 10.00 

Manganese 28.01 

Iron.... 24.85 

Commercial  values   of  the  ores. — The  uses  of   the    man^ 

*  Gtological  and  Natural  History  Surrey  and  Museum  of  Canada,  Alfred  R.    O^ 
Selwyn,  Director,  Report  of  Progress,  1882-3-4,  p.  47, 0.  U. 

t  Mines  and  Mineral  Lands  of  Nova  Sootia,  p.  91-92. 

X  Trans.  Boj.  Soc.,  Canada,  May  22,  1884,  p.  7. 

g  Geol.  Surrey  of  Canada,  1886,  p.  118.  P. 

I  Geology  of  Canada,  1863,  p.  752. 

7  E.  Gilplo,  Jr.,  Trans.  Roy.  Soc.,  Canada,  March,  1884,  p.  7. 
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ganese  ores  of  New  Brunswick  and  Nova  Sootia  differ  from 
the  uses  of  the  larger  part  of  the  manganese  ores  of  the  United 
States,  in  that  the  former  are  devoted  mostly  to  chemical  pur- 
poses^ while  the  latter  are  largely  consumed  in  the  manufacture 
of  spiegeleisen  and  ferro-manganese. 

The  manganese  ore  used  for  chemical  purposes  has  a  much 
greater  value  than  that  used  for  spiegeleisen  and  ferro  manganese* 
It  sells  for  from  2  to  5  cents  per  pound,  or  from  $40  to  $100  per 
ton,  according  to  quality,  while  that  used  for  the  latter  purposes 
rarely  brings  over  $15  per  ton.  The  applicability  of  au  ore  for 
either  use  depends  on  its  composition  :  its  value  for  chemical  pur- 
poses is  based  largely  on  its  oxidizing  power,  that  is,  on  the  amount 
of  oxygen,  known  as  '' available  oxygen,'^  that  can  be  obtained 
from  it  in  the  ordinary  processes  of  manufacture.  The  available 
oxygen,  as  explained  in  previous  chapters,*  depends  on  the 
amount  of  manganese  peroxide  in  it,  and  therefore  the  market 
price  of  an  ore  for  chemical  purposes  is  determined  by  the  per* 
centage  of  this  constituent.  Pyrolusite  contains  a  larger  per- 
centage of  peroxide  than  any  of  the  other  manganese  ores,  Id 
fact  being,  when  pure,  composed  entirely  of  it,  and  therefore  the 
value  of  the  Canadian  ores  is  due  mostly  to  the  large  proportion 
of  this  mineral  found  in  them,  Pyrolusite  is  never  found  in  a 
perfectly  pure  state  in  nature,  however,  and  the  very  best 
picked  ore  rarely  contains  more  than  from  70  to  95  per  cent  of 
peroxide,  equal  to  about  13  to  17  per  cent  of  available  oxygen. 

Psilomelane  alno  contains  a  considerable  proportion  of  per- 
oxide, but  on  account  of  its  hardness  and  other  peculiarities,  a» 
already  explained  on  page  42,  it  is  not  so  desirable  as  pyrolusite 
for  most  chemical  purposes.  Manganite,  on  the  other  hand,  has. 
only  a  small  percentage  of  peroxide ;  f  while  wad,  though  it  fre- 
quently contains  a  considerable  amount,  is  too  impure  to  be 
desirable  for  chemical  purposes. 

In  the  manufacture  of  spiegeleisen  and  ferro-manganese,  the 

<*  See  paRM  8,  and  40-42. 

t  Mangaoite  is  a  hjdroUs  aesquioxide  of  niangan«8e  and,  accarately  speaking,  contains' 
no  maDganese  peroxide;  but  wliat  is  meant  here  is  aimply  the  amount  of  arailable  oxygen 
expressed  in  a  commercial  sense  io  terms  of  "  peroxide.  *'  Manganite  when  perfectly  pure 
contains  about  9  per  cent  of  aTailable  oxygen,  equal  to  about  49  per  cent  of  peroxide,  but  it  is. 
neTer  found  in  large  quantities  in  thii  degree  of  purity. 
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amount  of  available  oxygen  is  not  an  item  in  the  valuation  of 
the  ore.  For  these  purposes,  the  three  main  requisites  are  a 
high  percentage  of  manganese  and  a  low  percentage  of  silica  and 
of  phosphorus.  Hence  the  manganese  ores  of  the  United  States, 
which  usually  contain  a  smaller  proportion  of  pyrolusite  than  the 
New  Brunswick  and  Nova  Scotia  ores,  but  often  fill  all  the 
requirements  for  spiegeleisen  and  ferro-manganese,  are  used  for 
the  manufacture  of  these  materials.  Small  quantities,  how- 
ever, are  sorted  out  and  sold  for  chemical  purposes. 

At  present  most  of  the  Canadian  ore  is  used  as  a  reagent  in 
glass-making,  in  electric  batteries,  in  the  manufacture  of  chlorine 
and  disinfectants,  as  a  dryer  in  varnishes,  and  for  other  chemical 
purposes.*  The  use  as  a  reagent  in  the  manufacture  of  chlorine 
is  one  of  the  largest  chemical  sources  of  consumption  of  man- 
ganese, but  the  best  grades  of  Canadian  ores  are  too  high  priced 
to  be  employed  for  this  purpose,  their  greatest  value  being  in 
glass-making.  For  this  purpose  the  freedom  of  the  ore  from 
iron  is  a  necessary  quality,  and  the  purity  of  much  of  the  Canadian 
manganese  renders  it  especially  well  adapted  for  this  use.  (See 
pages  49-50.) 

It  is  the  adaptibility  of  the  Canadian  ores  for  the  above 
mentioned  purposes,  and  consequently  their  high  price,  that 
permits  them  to  be  worked,  as  they  do  not  occur  in  quantities 
sufficient  to  be  profitably  mined  as  a  source  of  spiegeleisen  and 
ferro- manganese  alone.  The  poorer  grades  of  ores,  how- 
ever, which  are  mined  in  connection  with  the  better  ones,  are 
shipped  under  the  name  of  '^furnace  ore"  and  are  sold  at  the 
regular  price  of  ores  for  spiegeleisen  and  ferro-manganese. 

The  following  table  by  Professor  H.  How,  f  shows  the 
percentage  of  peroxide,  and  hence  the  value  for  chemical 
purposes,  of  manganese  ores  from  various  localities  in  Nova 
Scotia  : 


**  See  chapter  III. 

t  NoTa  ScotU  Inst.  Nat.  Sci.,  1865. 
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Manganese  peroxide  in  Nova  Scotia  ores. 


No. 

LOCALITY. 

• 

Kind  of  ore. 

Manganese 
peroxide. 

1 

Cumberland  oo.. 

Pjrolusite. 
(1 

(t 

«i 

II 

Manganite 
Wad 

97.04 

2 
8 
4 

Tenny  Cape,  Hants  oo 

II         («         ••       ti 

(1         <(         *(       <i 

95.00 
92.69 
88.01 

6 

DoQidaa.  Hants  oo 

84.62 

6 

Cheyerie.  Hants  oo 

47.78 

7 

D&lllMX  CO9— •••••—••••••••••••••— ^» •••••• 

56.00 

The  analyses  on  page  506  represent  the  composition  of  maa- 
^nese  ores  from  New  Brunswick  and  Nova  Scotia.  They  were 
made  by  the  Geological  Survey  of  Canada  and  have  been  kindly 
furnished  by  Professor  6.  C.  Hoffmann^Chemist  and  Mineralogist. 
The  column  representing  ^^manganese'^  has  been  inserted  by  the 
writer,  and  was  calculated  from  the  percentages  of  peroxide  of 
manganese  given  in  the  original  analyses.  Sample  No.  5  is  a 
hydrous  sesquioxide  of  manganese  (manganite),  and  therefore 
the  percentage  of  manganese  calculated  from  the  amount  of  per- 
oxide is  too  low.  The  same  is  true  to  a  lesser  degree  of  sample 
No.  3  which  contains  a  little  manganite.  In  the  other  samples, 
however,  the  percentages  of  manganese  as  calculated  from  the 
peroxide  represent,  for  all  practical  purposes,  very  nearly  the  true 
amounts. 


MODE  OF  OCCURRENCE  OF   THE  MANGANESE  ORES. 

The  manganese  ores  exist  in  the  Lower  Carboniferous 
limestone  in  the  forms  either  of  interbedded  lenticular  layers,  or 
nests  and  pockets,  carrying  from  a  few  pounds  to  several  tons ; 
or  as  short  discontinuous  veins.  The  limestone  is  generally 
much  folded  and  is  sometimes  shattered  and  brecciated  through- 
t)ut,  or  pierced  by  intrusive  masses  of  eruptive  rock.  It  varies 
from  a  compact,  massive,  blue  or  gray  limestone,  as  at  Mark- 
hamville,  and  a  highly  crystalline,  dark  brown  one,  as  at  Loch 
Lomond,  to  a  much  broken,  shaly  dolomitic  material,  as  in  Hants 
county,  Nova  Scotia.  The  bedded  condition  of  the  ores  is 
•most  marked  in  the  unbroken  massive  and  crystalline  rock  and 
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the  vein  character  in  the  brecciated  material.  Considerable^ 
quantities  of  ore  have  also  been  taken  from  the  residual  clay 
which  sometimes  overlies  the  decayed  surface  of  the  limestone^ 
and  contains  the  ore  that  has  weathered  out  of  it. 

The  mode  of  occurrence  of  the  ores  and  the  nature  of  the 
associated  rocks  vary  so  much  in  different  localities,  that  further 
generalizations  cannot  be  given  here.  For  more  definite  detaila 
the  reader  is  referred  to  the  descriptions  of  individual  properties, 
given  in  this  chapter. 

THE   MANGANESE   DEPOSITS  OF   NEW   BRUNSWICK. 

General  features. — The  manganese  deposits  of  New  Bruns- 
wick are  mostly  in  the  watershed  of  the  Bay  of  Fundy,  in  some^ 
places  immediately  on  the  coast,  in  others  from  fifteen  to 
twenty-five  miles  inland.* 

In  the  various  ore-bearing  localities  the  Lower  Carbonifer- 
ous rocks  very  often  directly  overlie  those  of  pre-Cambrian  age 
The  deposits  of  manganese  ore  occur  in  association  with  the 
limestone  of  the  former^  sometimes  near  the  contact  and  some- 
times separated  from  it  by  intervening  local  areas  of  conglom- 
erate and  other  rocks.  The  limestone  is  generally  more  or  less 
magnesian^  and  is  a  compact,  masoive,  blue  or  gray  rock,  con- 
taining veins  of  crystalline  calcite,  and  sometimes  showing  a 
semi-crystalline  structure. 

The  Markhamville  mine. — The  Markhamville  mine  is  situated 
at  the  village  of  Markhamville,  near  the  head  of  the  Hammond 
River,  in  Kings  county,  about  forty  miles  northeast  of  St.  John^ 
about  fifteen  miles  north  of  the  shore  of  the  Bay  of  Fundy^ 
and  about,  eight  miles  south   of  Sussex,   on  the  Intercolonial 
Railway.     The  existence  of  manganese  was  noted  at  the  head 
waters  of  the  Hammond  River  many  years  ago  by  Mr.  George 
F.  Matthew,  of  the  Geological  Survey  of  Canada,  but  the  prop- 
erty   was  first  opened  about  1864,  under  the  management   of 
Major  A.  Markham.     Major  Markham  was  the  first  to  attempt 
to  develop  in  a  systematic  manner  the  manganese  deposits  or 

*  Othrr  depotits,  in  geologic  relations  different  from  those  here  described,  occur  in. 
the  northern  part  of  the  prorinoe  and  will  be  mentioned  later  in  this  chapter. 
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this  pmviDoe,  and  it  le  due  to  hie  energjr  and  peraeverence  that 
the  ores  have  been  introduced  into  the  marliet. 

The  ore  occurs  either  as  crystalline  pyrolusite  aod  mangaoite, 
or  in  a  compact,  massive,  oodalar  or  bedded  form,  sometimes  oon- 
'taining  peilomelane. 

The  ore-bearing  limestone  is  generally  ofa  gray  color,  bnt 
at  times  is  pink  or  buff,  and  is  associated  with  shaly  strata.  It 
■contains  veins  of  crystalline  calcite,  io  which  masses  of  pyrolusite 
are  frequently  found,  but  the  principal  ore  deposits  are  leoticular 
bodies  interstratified  with  the  limestone.  These  occur  either  as 
irregular  pockets,  or  as  flat  layers,  more  or  less  coatiouous  for 
considerable  distances,  and  becoming  thin  and  thick  at  intervals. 
In  some  places  such  deposits  widen  out  into  pockets  from  which 
'several  hundred  tons  of  ore  have  been  taken,  and  io  one  opening 
3,000  tons  are  said  to  have  been  mined.  Though  in  places  the 
pockets  do  not  always  adhere  strictly  to  the  bedding  of  the 
rock,  yet  in  a  general  way  they  follow  it.  Sometimes  veins  and 
pockets  cut  directly  across  the  bedding,  but  these  are  generally 
smaller  than  the  others  and  are  probably  due  to  a  secondary 
chemical  action  by  which  they  have  been  derived  from  the 
i)edded  ores. 


«,  Xew  Bntmtrict,  thoiciiig  iIm 


B.    UiDgBOfs*  ore. 
SuU;    lloch— SImI 


The  two  sections  in  figure  40  represent  exposures  of  ore  in 
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openings  on  the  property^  and  illustrate  on  a  small  scale  the 
characteristic  modes  of  occurrence^  though  very  much, 
larger  bodies  of  ore  than  those  here  shown  have  been  worked.. 
The  smaller  section  shows  an  interstratified  lenticular  layer  of 
ore  through  the  center  and  an  irregular^  isolated  pocket  lying  in 
another  plane  of  stratification  above.  The  larger  section  showa 
two  lenticular  pockets  following  the  same  line  of  stratification  in 
the  limestone,  but  separated  by  a  barren  area. 

The  surface  of  the  limestone  has  often  been  decomposed  and 
a  red  residual  clay^  frequently  mixed  with  surface  gravely  has 
collected  in  considerable  quantities.  The  ore  that  was  origi- 
nally in  the  part  of  the  limestone  which  has  decayed,  is 
now  found  buried  in  the  clay;  and  therefore  deposits  of  ore- 
bearing  clay  or  gravel,  overlying  the  partly  decomposed  surface 
of  the  limestone,  are  of  frequent  occurrence.  Buch  deposits  are 
rarely  more  than  from  eight  to  twenty  feet  in  thickness,  but  the 
ore  in  them  is  cheaply  worked  and  they  have  supplied  a  large  part 
of  the  output  of  the  Markhamville  mine.  Frequently  the  decom- 
position of  the  limestone  has  spread  downward  more  rapidly 
along  the  outcrop  of  a  body  of  ore  than  elsewhere,  causing  some- 
what abrupt  hollows  filled  with  residual  clay  and  manganese  ore^ 
and  containing  in  the  bottom  the  outcrop  of  the  ore  in  situ  in  the 
rock. 

Not  only  has  decomposition  taken  place  on  the  surface,  but 
it  has  also  gone  on  to  a  considerable  extent  underground, 
frequently  causing  subterranean  cavities  and  passages.  When 
these  have  intersected  bodies  of  manganese  the  floors  are  covered 
with  loose  fragments  of  ore,  brought  there  in  the  same  way  as 
that  in  the  residual  clay  on  the  surface.  Eidney*shaped  masses 
of  glossy,  black  limonite  are  frequently  found  with  the  cave 
deposits,  and  these  also  have  doubtless  come  from  the  limestone. 

Figure  41  represents  a  section  exposed  in  a  surface  pit.  .  It 
shows  the  decayed  surface  of  the  limestone  and  the  overlying 
residual  material,  with  fragments  of  ore  that  have  weathered 
out  of  the  rock.  It  will  be  observed  that  the  body  of  ore  in 
the  limestone  has  been  partly  freed  from  the  rock  by  decay^^ 
and  that  the  fragment43  have  become  enveloped  in  the  overly-. 
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iDg  clay.      It  will  aln)  be  ooticed  that  the  decay  of  the  rock  has 
-reached  deeper  where  there  is  ore  than  where  there  is  doqc.* 


Though  a  large  amouDt  of  manganese  has  been  taken  from 
the  surface  claj  beds  and  the  caves,  yet  the  deposits  of  ore  in  the 
limestone  have  also  been  extensively  worked,  and  in  many 
places  the  rock  is  honeycombed  with  a  network  of  shafts  and 
ilrifis,  following  the  erratic  courses  of  the  ore  bodies  in  all  their 
intricacies. 

The  thickness  of  the  limestone  varies  considerably:  in  one 
«f  the  pits  a  depth  of  twelve  feet  was  found,  and  a  diamond 
drill  boHug  in  auother  part  of  the  property  showed  a  thick- 
ness of  fi  rty-  live  feet.  Probably  a  greater  thiokness  will  be  fonnd 
«lsewhere.  The  bed  is  much  disturbed  and  is  folded  into  small 
anticlines  and  synclines,  butatMarkhamville  it  basageneral  dip 
to  the  northwest  and  a  strike  of  northeast  and  southwest.  In 
many  places  it  contains  foesile  and  sometimes  the  carbonate  of 
lime  of  these  has  been  partly  replaced  by  manganese,  which  has 
subsequently  been  oxidized  and  now  exists  as  a  black,  more  or 
less  calcareous  mass. 

The  Hammond  Kiver  rises  near  Markhamvitle  and  flows 
southwest,  parallel  to  the  coast  of  the  Bay  of  Fundy,  until  it 
finally  turns  south  and  empties  into  the  bay  about  eight  miles 
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uoatheast  of  St.  John.  In  the  region  of  Markhamville,  and  for 
«ome  miles  down  the  river,  the  Lower  Carboniferous  limestone 
occupies  the  center  of  the  valley  ;  but  it  is  only  locally  that 
manganese  occurs  in  it,  and  only  at  the  Markhamville  mine 
that  it  has  yet  been  found  in  large  quantities. 

The  limestone  area  is  bordered  on  the  south  by  a  range  of 
hills  which  forms  the  southern  barrier  of  the  Hammond  River 
valley.  According  to  information  kindly  furnished  by  Mr.  G.  F. 
Matthew,  of  the  Geological  Survey  of  Canada,  these  hills  are 
composed  largely  of  the  underlying  pre-Cambrian  rocks,  and  the 
<!)arboniferous  rocks  dip  away  from  them.  To  the  north  of  the 
river  the  limestone  is  cut  off  in  many  places  by  an  abrupt 
escarpment  of  Carboniferous  conglomerate  which,  according  to 
the  same  authority,  probably  belongs  above  the  manganese-bear- 
ing limestone. 

The  ore  from  this  mine  is  mostly  used  for  chemical  purposes. 
It  is  prepared  for  market  by  crushing,  washing,  and  sizing  with 
screens.  Certain  quantities  of  the  lower  grades,  however,  are 
shipped,  without  previous  preparation,  under  the  name  of  ^^furnace 
x)re,"  and  are  used  in  the  manufacture  of  spiegeleisen  and  ferro- 
manganese. 

The  Quaco  Head  mine. — The  Quaco  Head  mine  is  situated 
on  Quaco  Head,  on  the  north  shore  of  the  Bay  of  Fundy,  one 
mile  south  of  the  town  of  St.  Martin's,  about  thirty  miles  east  of 
St.  John,  and  twenty-four  miles  south  of  Markhamville.  It  forms 
a  bold  headland  protruding  into  the  bay  for  almost  a  mile  and 
forming  the  southern  barrier  of  Quaco  harbor.  A  branch  rail- 
way connects  St.  Martin's  with  Hampton,  on  the  Intercolonial 
Railway,  which  runs  thence  to  St.  John,  making  the  total 
-distance  from  Quaco  Head  to  St.  John,  by  rail,  fifty-one  miles. 
The  mine  has  been  worked  at  several  different  times,  and  up  to 
April,  1889,  several  hundred  tons  of  ore  are  said  to  have  been 
taken  out.  The  property  was  acquired  in  1889  by  the  Bruns- 
wick Manganese  Company. 

The  manganese  is  sometimes  crystalline,  representing  pyro- 
lusite  and  possibly  also  manganite,  while  at  other  times  it  is  hard 
«nd  massive  possibly  representing  psilomelane,  and  still  again  it 
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is  ID  a  porous,  hoDeycombed  form.  These  ores  are  fouad  in 
Lower  CarboDiferous  shales  and  limestones,  asaooiated  with  & 
large  conglomerate  bed. 

The  rocks  are  greatly  disturbed  and  have  beea  much- 
shattered  and  brokea  by  igneous  iutrusions.  They  now  stand  at 
steep  angles,  sometimes  almost  vertically,  exposing,  in  diSerent 
parta  of  the  headlaod,  areas  of  limestone,  shale,  and  coarse  con- 
glomerate. Masses  of  igoeous  material  protrude  iato  these 
beds  at  diSerent  points,  and  on  either  side  of  the  headland  are 
beds  of  Triassic  sandstone  and  fine  conglomerate*  lying  nncon- 
formably  on  the  upturned  edges  of  the  older  rocks. 

The  general  section  iu  figure  42  shows  the  relation  of  the 
different  rock»<.  It  will  be  seen  that  the  conglomerate  forms  the 
highest  part  of  the  headland,  that  to  the  northeast  of  it  are  suc> 
oessively  the  shale,  limestone,  and  an  igneous  intrasion,  and 
that  the  Triassic  sandstone  occupies  both  sides  of  the  headland. 


Figure  42.    Balian  m  (Juom  Had,  Ktw  Bnauaitk. 

A.  Lliscslatie. 

B.  Stule. 

a    Conglome™ie. 

D.    Triualc  HDilitoDr. 

HoiiinDlal iciilc :    UDcb-;ioli  inlla.    Viillcilanils;    I  Inch— lOormt. 

The  manganese  occurs  as  nodules  and  irregular,  discon* 
tinuous  vein?,  In  both  the  shale  and  the  limestone,  though  the 
larger  quantities  are  in  the  former.  The  nodules  vary  from  a 
fraction  of  an  inch  to  several  inches  in  diameter,  and  the  thick- 
ness of  the  veins  is  equally  variable.  The  disturbed  character  of 
the  rocks  renders  it  somewhat  difficult  to  determine  the  thickness 
of  the  main  ore-bearing  bed,  but  it  is  probably  not  over  thirty 
feet,  though  smaller  quantities  of  manganese  are  found  in  the 
rocks  on  either  aide.     The  ore  is  scattered  through  this  thickness 

Ic    OD    Ibe  map  arwrnpuifliii  Str  WlUlam 
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in  very  variable  quantities.     The  amount  of  commercially  avail* 
able  ore  at  Qaaco  Head  is  small. 

The  igneous  rock  is  a  hard,  light  gray,  close  grained 
material  of  a  texture  somewhat  like  trap.  The  limestone  is 
like  that  of  Markhamville,  though  it  is  much  reddened  at  the 
contact  with  the  igneous  rock.  The  conglomerate  bed  is 
composed  of  coarse  pebbles  of  metamorphic  rocks.  It  dips 
steeply  to  the  south  and  forms  a  bold  bluff,  on  which  the  light- 
house of  Quaco  Head  is  situated.  The  sandstones  and  conglom- 
erates at  each  end  of  the  section,  are  of  a  brick-red  color  and 
vary  from  coarse  sandstone  to  a  fine  conglomerate,  with  pebbles, 
from  a  quarter  of  an  inch  to  one  inch  in  diameter,  both  sand  and 
pebbles  being  composed  of  white  quartz  stained  by  a  ferruginous 
cement.  Sometimes  these  beds  contain  small,  irregular  seams  or 
nodules  of  manganese  ore  which,  however,  are  in  very  limited 
quantity,  and  have  doubtless  been  derived,  during  the  deposition 
of  the  beds,  from  the  erosion  of  the  Lower  Carboniferous 
rocks. 

The  accompanying  analyses  by  Dr.  A.  M.  Comey,  show  the 
composition  of  the  better  grades  of  ore  from  Quaco  Head : 

Analyses   of  manganese  ore  from  Quaco  Headj  New  Brunsmck,* 


CONSTITUENTS. 


Compact 
▼arietj. 


Porous 
Tariety. 


Manganese  peroxide  (pjrolosite)... 

Ferric  oxide 

Calcium 

Phospboms^ .'..... 

Sulphur 

Insoluble  silicates 


65.00 
1.75 

trace 
0.04 
0.00 
6.66 


Manganese 58.20 

Iron 1.53 


57.15 
1.23 


The  ore-bearing  rocks  can  be  traced  back  on  the  promontory 
at  intervals  for  almost  a  mile,  to  a  place  where  an  opening  has 

*  Analyses  by  A.  M.  Comey,  given  in  the  report  of  C.  L.  Whittle  to  the  Brunswick 
Manganese  Company,  1889,  p.  12. 

33  Geological,  Vol.  1.,  1890. 
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been  made  on  the  farm  of  Mr,  Molaskey.  On  the  north  side  of 
the  head^  small  scattered  nodules  of  manganese  ore  are  found  ia 
the  gravel  drift  that  lines  that  part  of  Qaaco  Harbor  and  extends 
inland  over  the  Lower  Carboniferous  rocks.  They  have,  doubt- 
less^ been  derived  from  the  latter  rocks  during  deposition  of  the 
gravely  in  the  same  way  that  the  red  sandstone  just  mentioned 
obtained  its  manganese  contents  at  an  earlier  date. 

The  Glebe  mine. — The  Glebe  mine  is  situated  three  miles 
north-northeast  from  Markhamville  and  about  seven  miles  from 
the  Intercolonial  Railway  at  Sussex. 

The  ore  is  found  in  a  limestone  resembling  that  at  Mark- 
hamville, though  it  is  much  less  disturbed  than  at  that  place  and 
dij)S  gently  to  the  west.  The  manganese  ore  occurs  in  the  lime- 
stone in  nodules  and  thin  layers^  frequently  associated 
with  calcite  and  following  the  general  direction  of  the  stratifica- 
tion. Several  shafts  and  tunnels  have  been  made,  the  deepest 
shaft  being  85  feet. 

Other  localities  in  the  Lower  Carboniferous  rocks  of  New 
Brunswick, — Besides  the  properties  already  described  manganese 
has  been  found  in  Lower  Carboniferous  rocks  in  several  other 
places  in  the  neighborhood  of  the  Bay  of  Fundy,  in  New  Bruns- 
wick. Very  little  work  has  been  done  on  them,  however,  and 
many  have  not  even  been  prospected.  The  following  list  of 
localities  is  given  by  Messrs.  Bailey,  Matthew,  and  Ells.* 
Id  some  of  the  places  the  geologic  position  of  the  deposits 
is  uncertain,  but  most  of  them  are  in  Lower  Carboniferous 
rocks : 

"  Shepody  Mountain. — Deposits  near  the  contact  of  pre-Cam- 
brian  chloritic  slates  and  Lower  Carboniferous  conglomerates, 
worked  in  former  years  quite  extensively  but  of  late  nothing  has 
been  done. 

"  East  Side  of  Salisbury  Bay. — Deposit  near  the  contact  of 
Triassic  sandstone  and  Lower  Carboniferous  rocks,  worked  some 
years  ago  by  the  company  owning  the  Markhamville  mine,  but 
shortly  abandoned. 

"  Hopewell  Corner. — Deposit  near  the  contact  of  Millstone 

«  Geological  Surrey  of  Canada,  1878-79,  p.  24  D.  ' 
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<jrit  and  Lower  Carboniferous;  about  one  mile  west  of  Hopewell 
Corner.     Soon  exhausted. 

''Hillsdale. — About  fifteen  miles  southeast  from  Elgin 
"Corner.     *     *     * " 

"  Petitcodiac. — About  two  miles  northwest  from  Petit- 
oodiac  station.  Near  the  contact  of  Lower  Carboniferous  lime- 
stone and  gypsum ;  vein  only  about  one  inch  exposed  thickness. 

''Jordan  Mountain. — Near  the  contact  of  Lower  Carbonifer- 
ous sediments  with  the  pre-Cambrian  of  the  mountain.    *  *    *  " 

"  Henry's  Lake. — Surface  indications  reported,  but  deposit 
not  located.'' 

Localities  in  New  Brunswick  in  rocks  other  than  Lower  Car- 
-boniferous. — Though  the  principal  manganese  deposits  in  New 
Brunswick  are  in  Lower  Carboniferous  rocks,  small  quantities  of 
ore  have  been  found  in  rocks  of  other  ages.  Mr.  G.  F.  Matthew, 
of  the  Geological  Survey  of  Canada,  has  observed  small  quan- 
tities of  manganese  in  the  pre-Cambrian  hills  between  Markham- 
ville  and  Quaco. 

At  Tete  k  Gauche  Falls,  eight  miles  from  the  town  of 
Bathurst,  in  New  Brunswick,  nodules  of  manganese  ore  occur  in 
red  and  black  slates  of  Cambro-Silurian  age.  ^  This  locality 
was  worked  a  number  of  years  ago  and  a  certain  quantity  of  the 
ore  \H  said  to  have  been  shipped.  The  ore  was  freed  from  the  slate 
by  crushing  in  a  stamp  mill  and  subsequently  washing.  The  prop- 
erty is  now  idle.  Many  of  the  Cambro-Silurian  rocks  of  this 
section  are  said  by  Dr.  Ells  to  be  deeply  stained  by  manganese, 
but  no  extensive  beds  of  ore  have  been  found. 

Small  quantities  of  manganese  ore  have  been  found  in  the 
Triassic  sandstone  of  New  Brunswick,  and  have  been  mentioned 
at  Quaco  Head  on  page  513. 

THE  MANGANESE  DEPOSITS  OP  NOVA  QOOTin.'^ General  features. 

The  manganese  ores  of  Nova  Scotia,  as  in  New  Brunswick, 

are   found  mostly   in  the  marine  limestone   formation    of  the 

Lower  Carboniferous  series,  f      The  nature  of  the  ore-bearing 

«  R.  W.  Elh,  Geological  Surrey  of  CAnada,  1879-80,  p.  45  D. 

t  The  exact  straligraphic  relation  of  the  ore-bearing  limeitonee  in  New  Brunswick  and 
in  different  parts  of  Nora  Scotia  is  as  yet  sooaewhat  uncertain,  but  they  all  belong  to  the  same 
series  of  rocks. 
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limestone,  however,  differs  considerably  in  different  places,  bein^ 
sometimes  in  a  highly  brecoiated  condition  as  in  Hants  county, 
and  at  other  times  highly  crystalline  as  at  Loch  Lomond  in  Cape 
Breton.  The  ores  have  been  worked  in  a  number  of  places^ 
especially  on  the  shores  of  Minas  Basin  and  to  a  smaller  extent 
in  Cape  Breton. 

THE    MANGANESE    DEPOSITS    OF   NOVA    SCDTIA. — MiflOS     JSasifl^ 

General  features. -^Min2iB  Basin  is  the  northeasterly  end  of 
the  Bay  of  Fundy;  and  the  larger  part  of  the  manganese  mining 
in  Nova  Scotia  has  been  done  in  its  neighborhood,  principally  in 
Hants  county  on  its  southern  shore  and   to  a   lesser   degree   in 
Colchester    county    on    the    east.         The    general     structure 
of  the  region  on  the  coast  of  Hants  county  is  a  series  of  east  and 
west    folds  with    subordinate  transverse    disturbances*.       The 
limestone  formation  skirts  the  southern  shore  of  Minas  Basin  fron^ 
the  Shubenacadie  River  on  the  east,  to  the  estuary  of  the  Avon 
on  the  west,  a  distance  of  about  forty  miles.      In   this    belt   of 
country  most  of  the  manganese  localities  that  have  been  worked 
in  Nova  Scotia  are  found,  among  which  are  the  Tenny   Cape,. 
Walton,  and  Cheverie  properties.     In  fact,  more  or  less  signs  of 
manganese  occur  almost  continuously  along  the  outcrop  of  this, 
formation,  but  it   is  only   locally  that   the  ore  is  in  workable 
quantities.     The  limestone  overlies  a  series  of  sandstones^  shales, 
conglomerates,  and  grits,  which  crop   out  in  numerous  places 
along  the  bay. 

The  ore-bearing  limestone  is  probably  several  hundred  feet 
in  thickness  in  its  largest  development,  and  is  overlain  by  the 
great  gypsum  beds  of  the  region.  The  rocks  dip  away  from  the 
shore  towards  the  interior,  and  the  ore-bearing  formation  soon  dis- 
appears under  the  gypsum  and  other  beds,  to  reappear  again  in 
the  southern  part  of  the  county,  south  of  Windsor.  Mr.  E.. 
Gilpin,  Jr.,  has  recognized  in  this  manganese-bearing  limestone  a 
formation  distinct  in  character  from  the  associated  rocks,  and 
Sir  William  Dawson  has  followed  his  arrangement  and  makes  it  a 
separate  subdivision,  though  it  has  no  distinguishing  fossils,  f 

*  E.  Gilpin,  Jr.,  TninB.  Roy.  Soe.  Canada,  May  22, 1884,  p.  9. 

t  Acadian  Qeo\og7t  Vhiid  «diUoii,  U7%)  eupplements  to  aeoond  edition,  p.  61. 
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Mr  Gilpin,*   in   speaking    of   the   Lower   Carboniferous 
tnariiie  limestone  in  Nova  Scotia,  says  :     '^  This  horizon  forms 
one  of  tbe   widest  spread,  and   most   strongly   marked  of  the 
Carboniferous  period.     It   is  met  in  King's  county,  in  Hants' 
Cumberland,  Colchester,  Piotou,   and  Antigonishe,  and  in  the 
four  counties  of  the  Island  of  Cape  Breton.      The   measures   of 
this   division,   comprising   sandstones,  shales,  grits,  and  lime- 
stone.<4,  with  beds  of  gypsum  and  marl,   sometimes  rest  directly 
on  the  pre-Carboniferous  strata,  and  at  many  points  are  separated 
from  them  by  the  lower,  or   false  coal-measures,  or  by  beds  of 
conglomerate,    according    to   the   conditions  of  the    period   of 
accumulation.     The  limestones  and  gypsums  occur,  apparently, 
at  no  fixed  horizon  in  this  division.     Dr.   Dawson,  in  his  ^  Aca- 
•dian  Geology,*    has   divided   the  limestones   into   five  groups, 
characterized   respectively,    so   far  as  the  subject  has  received 
attention,  by  a  predominance  of  certain  fossil  forms.      In   his 
supplement  to  the  second  l^dition,  he  proposes  to  subdivide  the 
lowest  group  by  distinguishing   a  certain  manganiferous  lime- 
stone, which  appears  at  many  points  to  form  the  basis  of  the 
limestone    formation,    strictly   so   called.      This    limestone  at 
Salmon  River,  Cape  Breton  county,  Springville  and  New  Laing, 
Pictou  county,  Chester,  Maitland,  Tenny  Cape,  Windsor  and 
Onslow,  seems  to  underlie  the  gypsum  beds,  and  generally  to  be 
associated  with  the  manganese.     The  following  analyses  by  the 
writer  show  th«  character  of  some  of  these  limestones  : 


COSSTITUENTS. 

Spi:lng?ille, 
Pictou  CO. 

>}priagyiUe, 
Pictou  00. 

Tennjr  Cape. 

Salmon  River 
C.  B. 

X^iaiecarhoQaU} 

88.42 
1.20 

10.82 
1.88 

4.85 

65.28 

24.11 

10.15 

1.88 

5.00 

0.40 

49.81 

2.56 
85.44 

4.58  t 

8.06 

0.87 

49.269 

■Iron  carbonate 

4.044 

Maffne»ia  carb  >nateM 

28.084 

AIanganes«  carbonate „ 

insoluble  matter..^ 

IColsture 

14.586 
1.293 

101.17 

96.77 

106.82 

97.281 

f>p.  8-9. 


<■  Notes  on  the  Manganese  Ores  of  Nora  Scotia,  Trans.  Rof.  Soo.  Canada,  May  22, 1884, 
t  As  peroxide. 
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'^  The  limestone  of  Chester,  on  the  Atlantic  shore^  presents  a 
remnant  of  Lower  Carboniferous  measures,  for&nerly  without 
doubt  co-extensive  with  those  of  our  northern  counties.  The^ 
lower  beds  are  described  by  the  late  Dr.  How  as  compact,  of  a 
dark  blue  color,  and  consisting  principally  of  carbonates  of  iron^ 
lime,  magnesia,  and  manganese,  yielding  umbers  by  weatherings 
These  are  the  most  highly  magnesian  and  manganiferoas  lime- 
stones that  I  have  yet  met  in  the  province.  It  is  quite  possible 
that  there  may  be  others  higher  in  the  marine  limestone  forma- 
tion carrying  notable  percentages  of  the  carbonates  of  these 
metals.  In  the  case  of  the  Pictou  district,  however,  the  over- 
lying limestones,  up  to  what  may  be  termed  the  base  of  the 
millstone-grit,  are  decidedly  non-magnesian  ;  the  inspection  of  a 
very  complete  set  of  analyses  showing  none  carrying  over  four 
percent  of  the  carbonate  of  magnesia,  and  usually  little  more 
than  traces  of  manganese.^' 

The  Tenny  Cape  mine. — The  Xenny  Cape  mine  was 
opened  in  1862  under  the  management  of  John  Browne  and 
has  been  worked  intermittently  ever  since.  It  is  at  present 
(1890)  the  property  of  Mr.  J.  W.  Stevens. 

The  total  production  of  the  mine  up  to  January  1st,  1891^ 
was  probably  over  3,000  ton3.  Several  large  pits  and 
shafts  have  been  sunk  on  the  property,  the  deepest  of  which  is  a 
hundred  and  sixty  feet.  A  tunnel  has  also  been  run  through 
the  ore^beariug  rock  from  the  foot  of  the  hill  on  which  the 
mine  is  situated. 

Most  of  the  ore  mined  at  Tenny  Cape  is  a  high  grade  pyro- 
lusite,  but  smaller  quantities  of  manganite  and  psilomelane  are 
also  found.  The  pyrolusite  is  especially  valuable  in  glass- 
making  on  account  of  its  freedom  from  iron.  It  is  stated  by 
Professor  How*  that  J.  Taylor  and  Company,  assayerp,  of 
London,  found  the  ore  to  contain  $5.00  per  ton  in  silver. 

The  manganese  occurs  in  a  much  disturbed,  calcareoua 
rock,  having  the  composition,  according  to  Mr.  Gilpin,  f  of  a 
dolomitic  limestone,  and  frequently  containing  strata  of  shale^ 

<■  H.  How,  London,  Edinburgh  and  Dublin,  Phil.  Mag.,  March,  1^66. 
t  Trans.  Boy.  Soc.  Canada,  May,  1884,  pp.  8-9. 
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It  varies  from  gray  to  brown  in  color,  is  much  broken  and  forms 
a  breccia,  sometimes  carrying  large  masses  of  the  original  bed. 
The  breccia  consists  of  comparatively  small  fragments  closely 
packed  together,  while  the  large  masses  of  anbroken  rock 
exist  in  it  as  ^^horses/'  The  deposit  seems  to  be  the  re-cemented 
remains  of  a  single,  greatly  shattered  bed.  It  is  probably  over 
two  hundred  and  fifty  feet  in  thickness,  and  dips  steeply  to  the 
south  and  southwest.  It  lies  on  an  unbroken  massive  sand- 
stone, or  quartzite,  which  dips  at  the  same  angle  and  forms  the 
floor  of  the  ore-bearing  rock.  Sometimes  the  two  beds  are 
separated  by  a  layer  of  hard,  red  clay  from  two  to  four  inches  in 
thickness. 

The  exposures  of  these  rocks  occur  on  the  south  slope  of  a 
hill,  at  the  foot  of  which  the  breccia  disappears  under  a  low 
hollow  covered  with  debris.  A  well  in  the  hollow  is  said  to 
have  reached  gypsum,  and  fragments  of  that  material  are  found  in 
the  soil.  It  is  also  found  in  situ  and  worked  a  short  distance 
still  further  south,  so  that  there  can  be  but  little  doubt  that  the 
breccia  dips  under  the  gypsum. 

The  ore  occurs  both  in  the  breccia  and  in  the  large  masses  of 
solid  rock,  in  the  form  of  flat  nodules,  seams,  and  pockets,  the 
last  being  either  isolated  or  connected  by  thin  leads  of  ore. 
The  seams  vary  in  thickness,  sometimes  thinning  to  less 
than  an  inch,  and  at  other  times  widening  out  to  six  inches  or 
more.  The  pockets  are  from  one  inch  to  several  feet  in 
diameter.  Some  of  them  are  said  to  have  produced  as  much 
as  three  hundred  tons  of  ore,  and  occasionally  more.  The  follow- 
ing extract,  quoted  by  Dr.  How  *  from  a  letter  to  him  from 
John  Browne,  the  former  manager  of  the  mine,  describes  a 
typical  occurrence  of  the  larger  bodies  of  ore :  "  On  the  south 
side  of  the  ridge  a  large  open  cut  was  brought  in,  running  nearly 
north  and  south,  in  which  was  discovered  the  first  large  deposit, 
at  a  depth  of  only  fifteen  feet  from  the  surface.  It  extended  some 
twelve  fathoms  in  length,  varying  in  thickness  from  fourteen 
feet  to  as  little  as  six  inches.      From  this  pocket  we  took  from 

'■''  H.  How,  Notes  on  the  Economic  Mineralogv  of  Novm  i>cotia,  Part  II.,  Ores  of  Man- 
ganese and  their  tJses,  Proceed,  and  Trans.  NoTa  Scotia  Inst.  Nat.  Sci.,  1864-5,  p.  181. 
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ODe  hiuidred  and  twenty  to  one  hundred  and  thirty  tonSy  leaving 
nothing  in  the  bottom  but  a  few  small  veins.  O^pon  these  we 
sank  our  shaft,  and  at  a  depth  of  fifteen  feet,  making  in  all 
thirty  feet  from  surface,  we  intersected  pocket  No.  2,  immediate- 
ly underneath  the  first  deposit  and  making  in  the  same  direction. 
The  manganese  in  the  second  pocket  is  of  far  superior  quality  to 
that  found  nearer  the  surface,  and  we  have  returned  from  it 
some  hundred  and  eighty  tons." 

The  ore  is  sometimes  associated  with  considerable 
•quantities  of  calcite  and  with  fibrous  crystals  of  selenite,  as 
well  as  with  barite  and  glossy  black  masses  of  limonite. 
In  some  places,  however,  it  is  almost  entirely  free  from 
foreign  accompaniments.  The  ore  is  irregularly  scattered 
through  the  bed  :  sometimes  it  is  entirely  absent  and  at  other 
times  the  shale  and  limestone  are  cut  by  a  network  of  ore- 
bearing  veins,  with  feeders  and  side  pockets  running  oS  at 
intervals.  The  veins  are  most  regular  in  a  large  body  of 
solid  shale,  where  they  occupy  indiscriminately  joints  and 
lines  of  bedding,  and  possibly  lines  of  faulting;  while  in  the 
breccia  they  take  a  meandering  course  among  the  component 
masses  of  the  bed,  and  often  completely  encircle  them, 
making  the  ore  very  uncertain  in  extent  and  much  more 
difiicult  to  mine  than  it  is  in  the  shale.  Deposits  of  this 
form,  however,  are  to  be  expected  in  a  rock  of  this  kind, 
since  the  formation  of  the  cavities  that  the  ore  now  occupies 
was  largely  dependent  upon  the  position  and  shape  of  the 
component  rock  masses.  The  breccia  is  known  as  the  "soft 
rock,"  and  the  veins  run  from  it  into  the  large  mass  of  shale 
and  from  the  shale  into  the  breccia  without  any  interruption, 
except  in  the  regularity  of  the  deposits. 

The  accompanying  sections  in  figure  43  show  the  mode 
of  occurrence  of  the  ore  in  the  shale.  It  will  be  seen  that  it 
exists  both  as  flat  layers  in  bedding  planes  and  also  as 
veins  running  in  various  directions  across  the  stratification. 
In  the  former  case  the  ore  is  not  confined  absolutely  to 
planes  of  bedding,  but,  as  shown  in  the  upper  section, 
frequently  widens  out  and  forms  irregular  pockets  protruding 
transversely  to  the  stratification. 
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Figun  43.    Sedlev  ol  lU  Tmny  Cap*  mbii,  Naf  Saula,  thawl 
oe  tiftfu  Mdn^rtfK  vrt, 
A.    Shil*. 


Figure  44  ia  s  section  through  the  property  in  a  north 
and  south  direction,  and  illustrates  the  mode  of  occurrence  of 
the  ore-bearing  stratnm  as  a  whole,  and  its  relation*  to  the 
'Qaderlying  sandstone  and  overlying  gypsum. 


B.  BmndilaBe. 

C.  Muig*DtM-bai 

D.  ariMUm. 

HorlionUI  Hil* :    1  lach— ISO  (Mt.    Vcrllal  kb1«  :    Kncb— SOIm 
'  Thit  nlKtloD  will  b«  lurthar  dttcuned  tx  tbi  and  of  Ihli  dupMr. 
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When  the  property  was  first  opened^  considerable^ 
quantities  of  ore  were  taken  from  the  surface  clay  on  tha 
hillsides.  The  clay  has  resulted  from  the  decay  of  the  ore^ 
bearing  limestone  and  overlies  its  decomposed  surface. 

The  following  analysis  by  H.  Poole  shows  the  compose 
tion  of  a  specimen  of  the  ore  from  this  mine : 

• 

Analysis  of  manganese  ore  from  Tenny  Cape^  Nova  SeatiaJ^ 

M*DgaD6M  peroxide ^..  84.620 

Ferric  oilde «. 0.608 

Soluble  baryta.. 0.724 

Inaoluble  (barytesT).. „  1.728 

Water  of  compocition  ....^ «« 8.680 

Hygroiuetric  water «^.......  1.660 


92.965 


MaDganete »..    68.47 

Iron 0.42 

The  Parker  mine. — The  Parker  mine  is  three  quarters  of" 
a  mile  northwest  of  Tenny  Cape  and  shows  ore  similar  to  that 
at  the  latter  place  and  occurring  under  similar  conditions.. 
But  little  mining  has  been  done   and  the  property   is  at 
present  (1890)  idle. 

The. Moose  Brook  mine. — The  Moose  Brook  mine  is  situ- 
ated on  Moose  Brook,  four  miles  northeast  of  Tensy  Cape- 
and  half  a  mile  south  of  the  shore  of  Minas  Basin.  Small 
quantities  of  manganese  have  been  mined  on  the  property^ 
but  work  has  been  suspended. 

The  Cheverie  mine. — The  Cheverie  mine  is  situated  near 
the  village  of  Cheverie,  on  Minas  Basin,  just  east  of  the 
mouth  of  the  Avon  estuary.  The  property  consists  of  a 
rocky  bluff  rising  from  ten  to  thirty  feet  above  the  water- 
and  skirting  the  west  shore  of  Cheverie  Harbor  for  several 
hundred  yards.  It  has  been  worked  at  several  different 
times,  but  at  present  no  mining  is  being  done.     Between 

»■■■--  ■  —  -,  -  —  ■  — — ■  ■  .-■  — ^  -  I  ■  ■  ■  ■     ■         ■  .^ 

^  Tbe  analysis  was  made  by  H.  Poole  and  quoted  by  Professor  H.  How,  in  tlie  LoJidoB,^ 
Edinburgh  and  Dublin  Phil.  Mag.,  March,  1866. 
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two  and  three  haadred  tooa  of  ore  are  said  to  have  been 
ehipped. 

'  Moat  ofthemaaganeae  atCheverie  is  a  black,  cryBtalline 
ore  composed  partly  of  pyrolnsite  and  partly  of  manfranite. 
It  occurs  in  a  manner  somewhat  similar  to  that  at  Tenny- 
Cape,  bat  in  smaller  qnantities.  It  is  associated  with  white 
calcite  in  a  network  of  small  veins  from  an  eighth  of  an  inch, 
to  three  or  four  inches  in  thickness,  ranning  through  a 
calcareoQs  breccia  composed  of  broken  frafi;ments  of  massive 
and  shaly  limestone.  The  ore  frequently  encircles  the  frag-^  . 
ments  or  runs  along  the  bedding  planes  of  the  nnbrokea 
parts  of  the  bed.  In  ;fact,  it  is  found  wherever  a  cavity  or 
joint  gives  access  to  it,  but  it  is  usually  in  thin  seams. 
Below  the  water  it  ia  said  to  be  more  plentiful  and  haa 
been  mined  there  on  a  small  scale,  but  the  operations  were 
necessarily  carried  on  at  considerable  expense  and  were  sooa 
abandoned.  Frequently  the  calcite  associated  with  the- 
manganese  is  in  the  form  of  long  crystals  standing  at  right 
angles  to  the  walls  of  the  veins  and  forming  a  comb  structure,^ 
in  the  center  of  which  is  the  ore. 

The  sections  in  figure  45  illustrate  the  mode  of  occnr- 
rence  of  the  ore.  The  one  on  the  left  shows  a  network  of 
veina  in  the  brecciated  rock,  while  the  other  shows  a  more 
regular  deposit  occupying  a  plane  of  bedding  in  the  shaly 
limestone,  or  calcareous  shale,  and  representing  a  lenticular 
layer  of  ore. 


Figure  43.     Sccliantal  rh»  Chntrit  mine,  Nutia  Stella, liaciHg  lit  mtde  qfoccurmi>»«f 

A.  MuDgiDne-beu-lDg  rock:    In  Iha  flnt  HCIlaD  Iberockla  >  br«cclit*d  limalODCt 
■  ■•cond  ■  (bill;  llmeilODe. 

B.  MBDgiB«M  ore  bordered  bjt  "comb"  el  olclte  crjtMti. 


-"524  ANNUAL  REPORT  STATE  QEOLOOIST. 

At  the  seaward  end  of  the  blaff  in  which  this  property 
is  situated,  the  ore-bearing  rock  rests  upon  sandstone  ap- 
parently similar  to  that  at  Tenny  Cape,  which  is  naderlain 
in  tu  rn  by  a  series  of  shales  and  sandstones.  The  rocks  below 
the  ore-bearing  stratum  dip  at  6^-15°  to  the  northeast^  and 
none  of  them  have  the  brecciated  character  of  the  latter  rock. 
At  the  inland,  or  northern  end  of  the  exposure^  the  rocks 
appear  to  dip  under  the  extensive  beds  of  gypsum  worked 
at  Cheverie,  though  the  contact  of  the  rocks  is  obscured  by 
soil. 

The  following  analyses,  the  first  by  E.  Gilpin,  Jr.,  the 
second  by  H.  Haw,  show  the  composition  of  the  pyrolusite 
and  the  manganite  from  this  locality: 

Analysis  of  pyrolusite  from  Cheverie^  Nova  Sootia.^ 

Manganese  peroxide 90.15 

Ferric  oxide 2.55 

Lime trace 

BaryU 1,12 

Moisture... 2.05 

Ptiosphoric  acid 1.029 

Insoluble  matter.. 2.80 

99.699 

MaDganese 5f.97 

Iron 1.78 

*  Phosphorus 0.45 

Analysis  of  manganite  from  Cheverie,  Nova  Scotia.f 

Manganese  sesquioxide 86.81 

Ferric  oxide,  barite,  and  loss 2.05 

Water 10.00 

Oangue 1.14 

100.00 

Manganese 60.42 

The  Walton  mine. — This  property  is  at  the  village  of 
Walton,  on  the  shore  of  Minas  Basin,  twelve  miles  northeast 

*>  £.  Oilplo,  Jr.,  TniDS.  R07.  Soc.  Canada,  March,  1884,  p.  10. 

t  a.  How,  London,  Edinburgh  and  Dublin  Phil.  Mag.,  Maroh,  1886. 
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of  Cheverie.   It  has  been  worked  by  Mr.  Churchill  of  Walton, 
but  at  present  (1890)  it  is  idle. 

The  ore  is  mostly  crystalline  and  contains  both  pyrolu- 
site  and  mauganite.     It  exists  in  the  same  associations  as  at . 
Cheverie,  except  that  here  considerable  quantities  of  barite,in. 
the  form  of  nests  and  nodules,  occur  in  the  manganese-bearing 
breccia.    The  ore-bearing  rock  lies  on  a  sandstone  which  is. 
underlain  by  interbedded  shales  and  sandstones,  similar  to 
those  at  Cheverie. 

Other  localities  in  the  Lower  Qirbomferous  rocks  on  Minas 
Basin  and  in  the  adjacent  country  in  Nova  Scotia. — Besides  the ' 
localities  already  described  in  Nova  Scotia,^  several  others  have 
been  found  in  the  Lower  Carboniferous  marine  limestone  and 
some  of  them  have  been  worked.     Among  these  are  :     Onslow^. 
Colchester  county ;  Salmon  Biver^  near  Truro,  Colchester  county; 
Noel,  Douglas,  and  Rawdon,  Hants  county ;    near  Glengarry ,, 
Pictou    county;  Springville,   Pictou  county;  at   Minudie  and 
Amherst,  Cumberland  county;   in  Antigonisbe  couuty. 

Localities  in  Nova  Scotia  in  rocks  other  than  Lower  Carboni- 
ferous. — As  already  stated,   the  workable  deposits  of  manganese 
in  Nova  Scotia,  so  far  as  known,  are  confined  to  the  Lower  Car- 
boniferous rocks,  but  small  quantities  have  been  found  in  rocks, 
of  various  other  ages. 

Mr.  Gilpin,*  in  speaking  of  the  existence  of  pyrolusite 
in  the  pre-Carboniferous  rocks  of  Nova  Scotia,  says  :  "Between, 
Halifax  and  Windsor,  near  Mount  Uniacke,  pyrolusite  is  found 
in  small  pockets  and  veins  penetrating  granite,  and  in  quartzites 
of  the  auriferous  Lower  Cambrian  of  the  Nova  Scotia  Atlantic 
coast.  It  occurs  in  veinlets  in  the  granite  of  Musquodoboit^ 
and  as  small  irregular  seams  in  the  granite  of  Ship  Harbour* 
In  the  hills  south  of  Wolfville,  in  King^s  county,  the  same  ore 
is  found  in  quartzites  and  slates,  presumably  of  Upper  Silurian 
age.'' 

Sir  William  Dawson  mentions  the  existence  of  small  quan- 
tities of  manganese  in  the  Coal  Measures  of  the  Pictou  coal 
fields,  t 

*  Trans.  Boy.  Soc.  Canada,  May,  1884,  p.  8. 
t  Acadian  Otology,  aecond  edition,  1878,  p.  84S. 
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Small  and  UDimportant  quantities  of  low  grade  manganese 
ore  have  been  found  in  the  Triassic  sandstone  in  Nova  Scotia, 
^ir  William  Dawson  *  mentions  it  as  occurring  at  Cornwallis 
Bridge,  and  Mr.  Gilpin  notesf  its  existence  at  Cornwkllis  and  at 
Wolfville.  The  latter  authority  also  refers^  to  small  quantities 
of  manganiferous  ochre  having  been  mined  in  rocks  of  this  age. 

THE  MANGANESE  DEPOSITS  OF    NOVA    SCOTIA, — Gape   Breton. 

General  features. — Manganese  has  been  found  in  Cape  Breton, 
in  the  mountainous  region  lying  between  the  Atlantic  coast  and 
Bras  d'Or  Lake.     £.  Gilpin,  Jr.^§   in  speaking  of  the  geologic 
structure  of  this  region,  says :     "  In   Cape  Breton   deposits   of 
economic  value  occur  only  in  the  western  part  of  the  county  of 
the  same  name.     Here,  at  the  head  waters  of  the  Salmon  River,  ' 
the  lower  members  of  the  Carboniferous  are  met  in   a  valley 
between   the  felsites  of  the  Mira  and  East  Bay  hills.     The  space 
is  generally  occupied  by  the  millstone  grit,  beneath  the  edges  of 
which  the  marine  limestones  occasionally  crop  out,  or  the  latter 
are  excluded  by  the  basal  conglomerates.      The  following  notes 
are  from  a  visit  to  the  Moseley  (iron)  mine,  and  from  informa- 
tion kindly  furnished  by  Mr.  Fletcher,  of  the  Canadian  Geolo- 
gical Survey. 

"The  felsites  of  the  Mira  hills  form  a  series  of  bays  along 
which  are  exposed  Carboniferous  limestones,  conglomerates, 
shales,  and  grits  as  they  were  accumulated  subject  to  the  varying 
conditions  of  the  winds  and  currents  of  the  period  under  con- 
sideration. At  some  points,  the  limestones  rest  on  the  felsites ; 
at  other  localities,  grits  and  shales  intervene;  elsewhere,  the 
basal  conglomerates  are  covered  directly  by  the  millstone  grit. 
The  manganese  ores  were  discovered  two  years  ago  in  one  of 
these  recesses  where  the  felsites  were  succeeded  by  shales  and 
.^rits,  and  finally  by  limestones,  the  latter  apparently  extending 
from  point  to  point  of  the  ancient  bay." 

Though  the  ores  here,  as  elsewhere  in  Nova  Scotia^  are 

^  Aoadian  Geology,  Becond  edition,  p.  113. 
t  Trans.  Roy.  Soc.  Canada,  May,  1884,  p.  8. 

X  The  Geological  Belation  of.the  Principal  Nora  Scotia  Minerals,  Trans.  Amer.  Inst. 
:Mng.  Eog.,  Vol.  XVUI.,  188»-96,  p.  200. 

g  Trans.  Roy.  Soc.  Canada,  May,  1884,  p.  12. 
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found  in  rocks  of  Lower  Carboniferous  age,  the  mode  of 
occurrence  is  sometimes  different  from  that  at  the  localities 
already  described.  The  manganese  is  generally  found  in 
^association  with  limestone  and  red  shale,  and  these, 
though  they  show  in  their  steep  dips  the  result  of  the  general 
disturbance  which  has  affected  the  region,  have  not  that 
minutely  shattered  and  fractured  character  seen  at  the 
localities  already  described  on  Minas  Basin.  The  only 
locality  where  any  considerable  work  has  been  done  in  Cape 
Breton  is  at  the  Moseley  mine. 

The  Moseley  mine. — The  Moseley  mine  is  in  Cape  Breton 
<;ounty,  near  the  head  of  Loch  Lomond,  and  eight  miles  south 
of  the  village  of  Big  Pond,  on  East  Bay.  It  is  the  property 
of  Mr.  E.  T.  Mosely,  of  Sydney,  and  was  opened  in  1880.  In 
1881  seventy  tons,  and  in  1882  fifty-nine  tons  of  ore  are  said  to 
iiave  been  shipped*,  and  similar  quantities  have  been  mined 
«ince  then.  The  total  production  of  the  property  up  to  1890 
is  said  to  have  been  about  300  tons.  The  ore  is  packed  in 
-casks  and  most  of  it  is  sent  to  Boston. 

The  ore  is  found  in  both  the  crystalline  and  massive 
forms,  part  of  it  being  pyrolusite.  It  occurs  as  nodules, 
pockets,  and  interbedded  layers,  in  association  with  lime- 
stone and  red  shale,  and  sometimes,  though  rarely,  it 
impregnates  a  coarse  conglomerate.  It  is  most  abundant, 
however,  in  the  red  shale.  Figure  46  shows  the  relation  of 
the  rocks  on  the  property.  The  ore -bearing  limestone, 
which  is  represented  by  bed  A  on    the  left    side    of  the 

c 


Figure  46.    IcUal  teetian  M  the  Moseley  mine,  Cape  Breton,  ehowing  the  poeition  qf  the  man' 
'ganese-bearing  rocks. 

A.  Maoganese-beariDg  limestooe. 

B.  Manganese-beariog  shale  or  clay. 

C.  CoDglomerate. 

D.  Limestone  containiDg,  to  far  as  knovn,  no  manganese. 

«  Hugh  Fletcher,  Geological  Surrey  of  Canada,  1882-&-4,  pp.  92-93  H . 
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figure,  is  of  a  grayish -brown  or  purplish-brown  color,  of  a 
crystalline  structure^  and  contains  thin  interbedded  films  or 
red  clay.    It  dips  at  an  angle  of  about  30^  and  is  directly 
overlain  by  the  red  clay  or  shale  (bed  B  of  the  accompanjiD^ 
figure)  which  is  an  indurated  brick-red  clay,  generally  of  a 
shaly  or  slaty  texture  and  slightly  calcareous.     This  variea 
from  one  foot  to  ten  feet  in  thickness,  and  has   been   the^ 
source  of  most  of  the  ore  mined  on  the  property.     The  ore^ 
in  both   the  shale   and   the  limestone  is  of  irregalar  dis- 
tribution :  in  some  places  layers  of  ore  over  a  foot  in  thick- 
ness are  said  to  have  been  found,  while  in  others  it  is  entirely 
absent. 

Immediately  overlying  the  red  shale  is  a  coarse  con- 
glomerate  (bed  C  of  the  figure)  composed  of  pebbles  of 
metamorphic  rocks,  and  often  including  pockets  of  red  clay^ 
Manganese  has  been  found  in  the  conglomerate,  bat  only 
in  very  small  quantities.    It  occurs  either  as  a  black  stain 
coating  individual  pebbles  and  giving  the  bed  a  blotched 
appearance ;  or  as  thin  layers  from  one  to  three  inches  in 
thickness;  or  in  isolated  pockets,  filling  the  cavities  between 
the  pebbles.    The  ore  is  only  seen  in  the  conglomerate  for 
short  distances  above  the  contact  with  the  underlying  bed. 
The  conglomerate  is  overlain  by  a  gray  or  grayish-brown 
crystalline  limestone  resembling  the  limestone  that  underlies 
the    bed,    except  that    it    has     not    the     purplish -brown 
color,    and,   so    far    as    known,    contains    no    manganese 

ore. 

A  large  part  of  the  ore  taken  from  this  property  has  been 
obtained  in  the  soil,  in  loose  masses  which  have  weathered 
out  of  the  red  shale  and  the  limestone,  though  several 
openings  have  also  been  made  in  the  rock. 

A  short  distance  southeast  of  this  locality,  and  still  on 
land  controlled  by  Mr.  Moseley,  is  an  indurated  shaly  clay, 
somewhat  similar  to  that  mentioned  above,  containing  thin 
beds  and  lenticular  layers  of  limestone  from  one  to  four 
inches  in  thickness,  and  associated  with  a  deposit  of  siliceous 
pebbles  cemented  in  a  light  green  matrix.   Manganese  occara 
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in  the  shaly  clay  and  has  been  worked  to  a  small  extent.  A 
large  part  of  the  ore  obtained,  however,  has  been  found  in 
loose  nodules  in  the  creek  beds,  having  been  washed  out  of 
the  original  rock.  These  "  drift  nodules "  have  a  dull^ 
earthy  appearance  on  the  outside,  but  inside  they  show  the 
bright,  black  surface  of  the  fresh  ore. 

THE  MANGANIFEROUS   IRON   DEPOSITS   OF   NOVA   SCOTIA. 

Besides  the  manganese  ores  valued  simply  for  their 
contents  of  that  metal,  or  its  peroxide,  large  quantities  of 
manganiferous  iron  ore  are  found  in  Kova  Scotia,  especially 
in  the  counties  of  Pictou,  Antigonishe,  and  Colchester: 
These  ores  usually  occur  in  the  form  of  brown  hematites  or 
of  limonites  containing  variable  amounts  of  oxide  of  man- 
ganese, either  intimately  mixed  or  as  crystals  encrusting 
cavities,  or  even  in  the  form  of  wad.  According  to  E.  Gilpin, 
Jr.,  *  the  hematite  at  the  Londonderry  mine,  Colchester 
county,  sometimes  contains  as  much  as  14  per  cent  of  per- 
oxide of  manganese.  According  to  the  same  authority,  the 
limonites  in  the  neighborhood  of  Springville,  Pictou  county^ 
occurring  at  the  contact  of  the  marine  limestone  of  the  Lower 
Carboniferous  with  the  Silurian  rocks,  also  often  contain 
manganese;  and  in  fact  these  ores  frequently  grade  into  true 
manganese  ores,  containing  very  little  iron,  as  is  shown  ia 
the  accompanying  analyses  by  Mr.  Gilpin : 

Analyses  of  manganese  and  manganiferous  iron  ores  from  near 

Springmlle,   Nova  Scotia,  f 

Manganese  peroxide .  1^,410 

Maoganese  sesquioxide ^  62.050       

Feme  oxide 10.848  48.223 

Alumina 2.880  0.015 

Lime 7.280  0.016 

Baryta 0.670        

Magnesia 1.630       

Carbonic  acid 

Sulpliur 0.480 

PbosphoruB „ 0.020 

Insoluble  residue 2.731  25.130 

Water  of  compoeition 


Moisture.. 


.«    1.450J 


12.580 


90.439      100.808 


Manganese 43.810         9.106 

Iron 7.694       33.756 


<*  Tran^.  Roy.  8oc.  Canada.  1884,  pp.  7-8. 
t  Ibid.,  p.  12. 
34  Geological,  Vol.  1.,  1890. 
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THE   MANGANESE   DEPOSITS     OF    PANADA   OTHER   THAN      THOSE 

IN   NEW   BRUNSWICK   AND   NOVA   SODTIA. 

The    Magdalen    Islands.  —  James     Richardson,      of    the 
Geological  Survey  of  Canada,  reports  *  the  existence  of  man^n- 
ese  ores  in  the  Lower  Carboniferous  rocks  of  Amherst  Island^  in 
the  Magdalen   group^  in  the  Gulf  of  St.  Lawrence,  bat  unlike 
the  Nova  Scotia  ores  of  that  age  they  do  not  appear  to  be  associated 
with  limestone.     In   speaking  of  this  locality  Mr.  Richardson 
says :       "  Immediately   under    Demoiselle    Hill,    oh    Amherst 
Island,  numerous  blocks  charged  with  peroxide  of  manganesci 
or  pyrolusite,  occur  among  the  debris  of  the  fallen  cliffs.     They 
are  in  pieces  varying  from  one  pound  to  ten  or  fifteen  pounds  in 
weight.     There  can  be  but  little  doubt  that  they   are  derived 
from  a  deposit,  more  or  less  regular,  in  the  hillside,  but  which  is 
completely  concealed  by  the  fallen  debris.     At  a    place   bearing 
nearly  due  west  from  Cap  aux  Meules,  at  the  distance  of  about  a 
mile,  and  close  to  the  English  Mission  church,  similar  pieces  to 
those  above  described  are  very  frequently  picked  up.    T!f  umerous 
stones  of  this  character  were  observed  by  me  at  this  locality,  but 
as  the  ground  was  covered  with  growing  crops  I  did  not  attempt 
any  further  search.'^     These  ores  were  found  in  a  region  of  sand- 
stone, shales,  and  gypsum  beds,  together  with  areas  of  dolorite 
and  diasbase,   but  no   limestones  are  reported  in  the  neighbor- 
Jiood. 

Newfoundland. — Dr.  T.  Sterry  Hunt  describes  a  deposit  of 
massive  carbonate  of  manganese  at  Placentia  Bay,  Newfound- 
land: t  It  is  interbedded  in  slates  which  are  supposed  to  be  of 
Silurian  age.  It  is  described  as  ^'compact  and  impalpable  in 
texture,  brittle,  with  a  conchoidal  fracture  and  a  feeble,  waxy 
lustre ;  slightly  translucent  on  the  edges ;  color  fawn  to  pale 
chestnut-brown ;  streak  white ;  hardness  4.0 ;  density  3.25. 
The  specimen  shows  faint  lines  which  seem  to  be  those  of  deposi- 
tion and  give  to  the  mass  the  aspect  of  a  sinter.  It  is  encrusted 
and  penetrated  in  parts  with  black  crystalline  oxide  of  mangan- 

«>  Geological  Surrey  of  Canada,  1879-80,  p.  10  G. 
t  Ibid.,  1857-58,  pp.  204-5. 
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^se.''    The  presence  of  oxide  of  manganese  in  this  mineral  is 
probably  due  to  its  partial  decomposition. 

An  analybis  oi  this  mineral  by  Dr.  Hunt  gave  carbonate  of 
inanganese  84.6  per  cent,  silica  14.40  per  cent,  a  little  iron  and 
iime,  and  a  trace  of  magnesia. 

This  deposit  is  of  interest  on  account  of  the  existence  of  the 
tnetai  in  the  form  of  a  bedded  carbonate.  It  probably  represents 
the  former  condition  of  many  of  the  oxide  ores  of  manganese 
elsewhere  in  the  stratified  rocks,  but  they  have  since  been  con- 
verted to  their  present  more  stable  form, 

^^  Eastern  townships  J'  —  Dr.  T.  Sterry  Hunt*  describes 
manganiferous  dolomites  in  the  metamorphic  rocks  of  the 
^'eastern  townships"  in  the  Province  of  Quebec.  The  dolomites 
of  the  9th  lot  of  the  9th  range  of  the  township  of  Sutton  were 
found  to  contain  manganese  in  the  form  of  carbonate,  sometimes 
to  the  extent  of  7.65  per  cent ;  and  are  oftea  stained  a  brownish- 
black  on  the  surface,  as  a  result  of  its  oxidation. 

Bachewanung  Bay. — At  Bachewanung  Bay,  on  Lake 
Superior,  manganese  has  been  found  in  '^stringers''  running 
through  a  reddish  trappean  rock,  which  strikes  north  and  south 
and  is  about  fifty  feet  in  thickness.f  It  occurs  with  quartz, 
t^alcite,  and  fluorspar.  '^  The  ore,  which  is  massive  with  small 
geodes  of  crystals,  is  described  by  Prof.  Hadley  as  manganite,  or 
hydrous  sesquioxyd  of  manganese,  *  *  *  A  specimen  was 
found  by  assay  to  be  equal  to  60  per  cent  of  peroxyd  of  man- 
ganese.'' 

CHEMICAL  ACTION   IK  THE   MANGANESE   DEPOSITS.  J 

The  chemical  action  which  has  taken  place  in  the  manganese 
deposits  since  they  were  laid  down,  has  had  a  marked  effect  on 
tbeir  mode  of  occurrence.  As  in  the  case  of  most  of  the  man- 
ganese deposits  in  America,  the  ores  were  probably  laid  down 
originally  as  carbonates  or  oxides,  or  both,  during  the  deposi- 

<■  Geological  Surrey  of  Canada,  1857-d,  p.  204. 
t  Geology  of  Canada,  1863,  p.  751. 

X  The  subject  of  the  origin  of  manganese  deposita  will  be  treated  in  the  final  chapter  of 
this  report.  The  present  discussion  relates  only  to  the  chemical  changes  that  have  taken 
place  in  the  deposits  since  their  depoeition. 
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tion  of  the  enclosing  stratified  rocks,  and  subsequently  the 
carbonates  were  converted  to*  the  various  oxides  by  the  ordinary 
process  of  oxidation.  This  may  have  taken  place  either  during^ 
the  deposition  of  the  enclosing  strata,  or  subsequently  to  their 
elevation  into  a  land  area. 

In  many  places  the  ores,  whether  in  the  foiin  of  nodules,, 
pockets,  or  lenticular  layers,  still  tend,  in  a  general  way,  to  pre- 
serve their  bedded  character   and  to  follow  the  direction   of  the 
stratification,  just  as  they  were  originally  laid  down.       This  is- 
well  seen  at  Markhamville,  Quaco  Head,  the  Glebe  mine,  Locb 
Lomond,  and  elsewhere.     In  these  places  the  nature  of  the  ore 
has  probably  been  somewhat  altered  by  chemical  action  subse- 
quently to  its  deposition,  but  its  position  with    relation   to   the 
enclosing  strata  is  doubtless  very  much  as  it  was  when  it  was 
laid  down. 

In  other  places,  however,  the  manganese  bears  a  very  dif-^ 
ferent  relation  to  the  rock  from  what  it  did  originally,  and 
instances  of  this  are  seen  at  Tenny  Cape,  Cheverie,  and  elsewhere. 
At  these  places  the  enclosing  rock  has  been  brecciated  and  the 
ore,  though  it  occupies  a  special  horizon  in  the  Lower  Carbon- 
iferous series,  has  lost  almost  all  traces  of  any  stratified  position 
that  it  might  once  have  occupied  in  the  rock,  and  occurs  as  nests^ 
and  pockets,  or  as  veins  encircling:  and  piercing  the  individual 
fragments.  Sometimes,  however,  well  defined  flat  nodules  and 
lenticular  layers  of  ore  are  found  in  planes  of  bedding,  and  are 
similar  to  those  in  places  where  the  rocks  have  not  been  broken. 
The  presence  of  these,  as  well  as  the  fact  that  the  rpck,  where  it 
is  not  brecciated,  is  characterized  by  bedded  ores,  would  seem  to 
point  to  the  probability  that  all  the  manganese  in  such  localities 
once  occupied  positions  conformable  to  the  stratification  of  the 
enclosing  limestone ;  and  that  the  ore,  as  now  found  in  the 
breccia,  owes  its  position  to  chemical  action,  by  which  the  man- 
ganese, as  it  originally  existed,  has  been  dissolved  and  re-deposited 
in  the  interstices,  joints,  and  faults  of  the  re-arranged  rook. 
The  manganese-bearing  limestone  is  underlain  by  a  series  of 
sandstones,  shales,  and  grits  which  are  not  marked  by  the  breo-^ 
oiated  condition  of  that  rock. 
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The  stimulating  cause  which  brought  on  this  chemical  action 
in  the  ore  deposit  is  somewhat  obscure,  but  it  seems  possible 
that  both  it  and  the  brecciation  of  the  rock  may  be  intimately 
connected  phenomena;  in  fact,  that  the  latter  may  have  been 
the  cause  of  the  former,  and  that  they  may  both  be  connected 
with  the  presence  of  gypsum.  It  will  be  observed  in  the 
detailed  descriptions  already  given,  that  at  Tenny  Cape  and 
Cheverie  the  brecciated  ore-bearing  limestone  appears  to  dip  un- 
der the  gypsum ;  whereas  at  Markhamville,  Quaco  Head,  and 
Loch  Lomond,  where  gypsum  does  not  overlie  the  ore-bearing 
limestones,  the  rock  is  not  brecciated. 

The  gypsum  represents  an  interbedded  deposit  in  the  asseci- 
ated  strata,  but  the  presence  or  absence  of  brecciation  in  the  over- 
lying rocks  has  not  been  investigated  by  the  writer.  Sir  William 
Dawbon,  *  however,  describes  a  limestone  overlying  gypsum  at 
Plaister  Cove,  Cape  Breton,  which  has  a  peculiar  broken  appear- 
ance, showing  masses  of  limestone  cemented  by  gypsum.  He 
states  also  that  similar  occurrences  are  not  rare  in  connection 
with  gypsum  beds. 

The  gypsum  itself,  though  not  brecciated,  is  often  much 
disturbed,  showing  a  series  of  small  abrupt  undulations  and 
folds. 

The  problem  to  be  solved,  therefore,  in  the  manganese  de- 
posits is  the  brecciation  of  a  certain  seriesof  strata,  underlain  by 
equally  disturbed,  but  not  brecciated  beds,  and  overlain  by  large 
gypsum  beds.f  One  of  four  causes  usually  operates  in  forming 
breccia  deposits:  (1)  the  surface  breaking  of  the  rock  and  the 
accumulation  of  its  fragments  at  the  base  of  cliSs  or  along  the 
'Coast;  (2)  the  crumpling  of  the  bed  by  folding;  (3)  the  shatter- 
ing of  the  bed  by  igneous  action;  (4)  chemical  action,  either 
in  the  bed  itself  or  in  the  associated  strata. 

(1)  The  first  cause  is  entirely  out  of  the  question,  as  the 
brecciated  parts  of  the  ore-bearing  limestone  blend  into  the  solid 

<•  Acadian  GeoloK7,  third  edition,  1878,  p.  893. 

']  Sir  William  Dawson  (Acadian  Geology,  third  editioo,  p.  892)  describes  a  gypsum  bed  at 
Plaister  Cove  which  has  a  thickness  of  150  feet.  1  his,  howerer,  is  ezceptioaally  large.  The 
^hiclcnesM  of  tho  gypsum  at  the  manganese  localities  was  not  accurately  measured,  but  it  would 
«mount  at  least  to  a  considerable  fraction  of  the  Plaister  Core  deposit. 
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parts^  and  appear  to  occupy  much  the  same  position  with  relation 
to  the  associated  strata  as  they  originally  did. 

(2)  The  second  cause  of  brecciation,  that  is  by  folding,  doea 
not  seem  probable,  as  the  associated  beds,  though  they  are  much 
disturbed  and  dip  at  steep  angles,  do   not  show   the   crumpling^ 
exhibited   by   the  ore-bearing    rock.     The    rock    immediately 
underlying  the  ore-bearing  horizon  is  a  hard  quartz! te,  and   its 
greater  resistance  to  crushing  during  folding  might   be  said    to 
explain  the  absence  of  brecciation  in  it.     Below   this,  however, 
is   a   series   of  shales  which  would  succumb  to  crushing  just  as 
easily  as  the  ore-bearing  rocks,  or  even  more  so ;  and  yet,  though 
these   shales   often    occupy  positions  in  which  they  have  beea 
subjected  to  just  as  severe  a  strain  during  folding  as   the  ore- 
bearing  rock,  they  are  not  marked,  so  far  as  seen,  by  the  brec- 
ciation characteristic  of  the  latter. 

(3)  The  third  cause  of  brecciation,  that  is  by  igneous  action^ 
is  also  improbable,  since,  had  it  acted,  the  brecciation  would  not 
be  expected  to  be  so  continuous  as  it  is  along  the  strike  of  the 
rocks,  and  besides  would  not  be  confined  to  certain  strata. 

(4)  Hence  it  becomes  necessary  to  look  to  the  fourth,  or 
chemical  cause  of  brecciation,  and  there  appear  to  be  reasons 
to  suppose  that  chemical  action  in  the  gypsum  beds  has  operated 
in  bringing  about  the  present  brecciated  condition  in  the  man- 
ganese-bearing deposit. 

The  origin  of  gypsum  in  the  large  beds  found  in  Nova 
Scotia  is  ascribed  by  Sir  William  Dawson*  to  the  "  conversion  of 
submarine  beds  of  calcareous  matter  into  sulphate  of  lime,  by  free 
sulphuric  acid,  poured  into  the  sea  by  springs  or  streams  issuing^ 
from  volcanic  rocks.  ^'  What  are  commonly  called  the  gypsum 
beds  really  consist  of  gypsum  and  anhydrite,  associated  in  varying 
quantities.  Gypsum  is  a  form  of  sulphate  of  lime  containing^ 
20.9  per  cent  of  water,  and  anhydrite  is  a  form  containing  no 
water.  Anhydrite  occurs  in  the  gypsum  as  intimately  mixed 
crystals,  or  as  nodules,  large  masses,  or  even  as  solid  layers^ 
sometimes  composing  the  larger  part  of  the  bed. 

It  is  a  well  known  fact  that  anhydrite,  on  exposure  to  per* 

«  Acadiaa  Geologj,  third  edition,  1878,  p.  262. 
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colatiDg  waters^  can  absorb  moisture  and  go  into  the  hydrated 
form  of  sulphate  of  lime^  or  gypsum.  Such  a  transition  adds 
greatly  to  the  bulk  of  the  original  anhydrite,  increasing  it,  ac- 
cording to  Geikie,  *  about  33  per  cent;  and  where  the  anhydrite 
is  confined  on  either  side  by  the  associated  rocks,  something 
must  give  way  to  aflford  space  for  this  expansion.  Such  an  ev 
pansion  cannot  be  restrained,  and  the  rocks  will  therefore  be 
broken  in  the  same  way  that  a  jug  is  broken  when  water  is  frozen 
in  it.  This  action  is  a  recognized  agent  in  the  local  dis- 
turbance of  rocks,t  frequently  producing  dome-shaped  hillocks 
or  otherwise  folding  the  strata.  Elie  de  Beaumont  X  describes 
cases  in  France  where  the  strata  have  been  upheaved  and  in 
some  places  overthrow  by  the  expansion  caused  by  the  transi- 
tion of  anhydrite  into  gypsum. 

If  this  same  process  of  hydration  has  gone  on  in  the  region 
in  question,  and  if  the  anhydrite  now   seen  represents  only  the 
remains  of  a   deposit   which   has   been  partly  converted  to  the 
hydrous  form,  then  the  bed  at  present  must  have  a  much  greater 
volume  than  it  had  before,  and  its  expansion  might  readily  have 
caused  the  brecciated  character  of  the  associated   rocks.      The 
amount  of  brecciation  would  depend  on  the  amount  of  anhydrite 
that  had   been  altered,  and  hence  a  possible  explanation  of  the 
variable  extent  of  the  brecciation  in  different  places.      This  ex- 
pansion by  hydration  would  not  only  explain  the  brecciation  of 
the  associated  rocks,  but  also  the  numerous  small  undulating 
folds  characteristic   of  the  gypsum  beds  themselves. 

The  writer  has  not  made  any  detailed  examination  of  the 
gypsum  of  Nova  Scotia,  and  cannot  at  present  state  the  strength 
of  the  evidence  as  to  whether  or  not  the  gypsum  has  beea 
derived  from  anhydrite.  This  possible  cause  of  brecciation,. 
therefore,  is  offered  only  as  a  suggestion  which  a  more  thorough* 
study  of  the  region  may  either  overthrow  or  substantiate. 

Sir  William  Dawson,  in  a  letter  kindly  written  in  answer  ta 
inquiries  by  the  writer  concerning  the  nature  of  the  association 

■^  Text  Book  of  (Jeology,  second  edition,  1855,  p.  819. 

t  Archibald  Geikie,  Text  Beok  of  Geology,  second  edition,  18S5,  p.  319.    Joseph  Prest- 
wicb,  Geology :  Chemical,  Physical  and  Strati  graphical,  Vol.  T.,  p.  116. 
X  Expllc.  Carte  G^ol.  de  France,  Vol.  II.,  p.  89.    (Prettwich). 
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of  gjpsuin  aD(t  anhydrite  in  Nova  Scotia,  has  also  meatiooed 
this  same  cause  of  breooiatJOD  ae  possible,  thoueb  he  notes  the 
difficulty  of  explaining  exactly  uuder  what  conditioas  an  aqueous 
deposit  of  beds  of  anhydrite  could  have  been  originally  laid  down ; 
unless,  as  lie  suggests,  it  was  derived  from  the  decom position  of 
«aiciuiu  carbonate  in  situ,  either  by  vapor  or  heated  solations  of 
«ulpbiiric  acid. 

The  hydration  of  the  anhydrite  in  the  case  in  question,  if 
such  has  taken  place,  has  not  been  a  sudden  process,  abruptly 
begun  and  quickly  fiuiebed  ;  it  has  probably  been  going  on  ever 
sioce  the  anhydrite  itself  began  to  be  formed,  and  was  partly 
accomplished  before  the  beds  were  raised  into  a  land  area  and 
tilted  as  they  are  now  seen.  In  fact,  \t  ie  natural  to  suppose 
that  the  anhydrite  that  is  left  is  still  undergoing  a  slow  hydra- 
tion, and  is  expanding  in  proportion  to  the  amount  of  gypsam 
formed. 

If  the  gypsum  was  derived,  as  suggested  by  Sir  William  Daw- 
son, by  the  action  of  sulphuric  acid  on  calcareous  matter,  and  if  it 
was  originally  formed  in  its  hydrous  condition, then  another  pos- 
sible cause  of  the  brecciation  of  the  underlying  beds  might  be 
found  in  the  expansion  due  to  the  transition  of  the  calcareous 
bed  into  gypsum. 


otcin^  I**  /aUiap   ai,^  trse- 
<Mbm  In  lilt  m 


Scaler    I  inch-a  le«t. 

Figure  46    illustrates  the  brecciation  of  the  limestone  and 
shaly  material  at  the  Tenny  Cape  mine.      It  will  be  seen  hy'ti- 
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ferring  to  figure  44,  page  521^  that  the  ore-bearing  rock  is 
bounded  on  the  north  by  the  underlying  sandstone,  or  quartzite, 
Bnd  on  the  south  by  the  gypsum  bed.  Figure  46  represents  a 
view  near  the  top  of  the  hill  in  figure  44,  and  in  the  part 
of  the  ore-bearing  stratum  that  abuts  on  the  sandstone.  The 
base  of  figure  46  belongs  at  the  line  of  contact  with  the  sand- 
stone, and  the  right  hand  end  of  it  is  uppermost  on  the  slope  of 
the  quartzite.  It  will  be  obsei^ved  that  a  part  of  the  bed  is 
much  broken,  while  the  rest  is  greatly  contorted.  If  the  brec- 
tiiation  is  due  to  a  lateral  thrust  emanating  from  the  gypsum, 
there  is  seen  in  this  figure  exactly  the  effect  that  would  be 
expected  from  such  a  disturbance. 

The  resistant  sandstone  at  the  base  of  the  ore-bearing 
stratum  formed,  probably  both  before  and  after  it  was  tilted  into 
its  present  position,  an  opposing  barrier,  agaiast  which  the  less 
resistant  limestone  and  shale  were  jammed,  and  partly  contorted 
into  abrupt  folds,  and  partly  crushed  and  brecciated  by  the  ex- 
pansion from  the  gypsum  on  the  south  side  of  the  bed. 

In  the  crushing  of  the  rock,  fragments  were  formed,  vary- 
ing from  particles  the  size  of  a  grain  of  sand,  or  smaller,  up  to 
masses  many  feet  in  diameter.  These  we)re  closely  compacted, 
and,  as  the  brecciation  progressed,  they  were  re-cemented  by 
mineral  matter,  mostly  calcite  and  sometimes  manganese  and 
other  minerals ;  hence  the  numerous  veins  of  crystalline  calcite 
and  manganese  ore  which  frequently  encircle  individual  frag- 
ments of  rock,  and  the  nests  and  pockets  of  these  materials 
which  fill  every  available  crevice.  Associated  with  the  mangan- 
ese and  calcite  are  barite,  selenite,  and  other  minerals,  which 
were  probably  deposited  in  the  same  way.  The  edges  of  the 
rock  fragments  are  sometimes  more  or  less  rounded,  a  fact  that 
is  probably  due  to  the  dissolving  action  of  percolating  waters, 
and  not  to  any  process  of  rolling. 

The  solution  and  re-deposition  of  the  manganese  and  other 
minerals  in  the  breccia  is  probably  due  to  several  causes,  which 
have  combined  to  add  to  the  solvent  powers  of  percolating 
waters : 

(1)     The  crushing  of  the  rock  by  the  transition  of  the  anhy- 
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drite  to  gypsum  would  give  rise  to  heat  as  a  result  of  frictioD^ 
and  this,  transmitted  to  percolating  waters,  would  increase* 
their  powers  to  dissolve  mineral  matter.  When  they  cooled 
their  contents  would  be  deposited  in  the  crevices  through 
which  they  were  flowing. 

(2)  Another  cause  that  may  not  only  have  operated  io  the^ 
solution  and  re-deposition  of  the  ore,  but  may  also  have  played  a 
subordinate  part  in  the  brecciation  of  the  limestone,  is  the  fact 
that  the  reaction  of  sulphuric  acid  on  limestone,  in  the  forma^ 
tion  of  sulphate  of  lime,  develops  a  large  amount  of  heat,  which 
would  doubtless  warm  the  waters  in  the  underlying  ore-bearing 
limestone  to  a  greater  or  less  extent,  the  degree  of  heat  depend- 
ing on  the  rapidity  of  the  reaction.  Such  waters,  before  they- 
were  thus  warmed,  held  in  solution  all  the  mineral  matter  they- 
could  take  up  in  their  present  state,  but  the  additional  units  of 
heat  would  increase  their  solvent  powers,  and  tend  to  disintegrate^ 
the  limestone  and  re-arrange  the  ore.  Moreover,  in  the  reaction 
of  sulphuric  acid  on  limestone,  a  large  quantity  of  free  carbonia 
acid  is  evolved,  and  its  amount  is  in  direct  ratio  to  the  amount 
of  gypsum  formed.  A  large  part  of  this  acid  would  doubtless, 
be  carried  off  in  the  sea  water,  but  some  of  it  would  find  its  way 
to  the  underlying  ore  bed,  thus  still  farther  increasing  the  soU 
vent  powers  of  the  waters. 

It  also  seems  probable  that  the  remarkable  purity  of  the^ 
ore  in  many  places  in  the  shattered  rock  may  be  due  to  the^ 
chemical  action  that  has  gone  on.  The  process  of  dissolving  it 
would  free  it  from  the  earthy  impurities  that  were  originally 
deposited  with  it,  and  when  it  was  re-deposited  in  the  breccia,  it. 
would  be  associated  only  with  such  materials  as  were  taken  in 
solution  with  it  and  crystallized  out  in  the  same  places.  la 
support  of  this  view  it  may  be  said  that  the  purest  and  most 
highly  crystalline  ore  is  found  in  the  irregular  veins  already 
referred  to,  while  the  ore  in  the  bedding  planes,  in  places  where^ 
brecciation  has  not  taken  place,  is  often,  though  not  necessarily^ 
earthy  and  less  crystalline,  or  even  massive. 


CHAPTER  XXI. 

THE  ORIGIN  AND  CHEMICAL  RELATIONS  OF  MAN^ 

GANE8E  DEPOSITS. 

GBNERAL   STATEMENT. 

The  nature  and  mode  of  occurrence  of  manganese  deposits^ 
and  some  of  the  chemical  changes  that  have  taken  place  in  them 
have  been  described  in  previous  chapters.  It  is  the  object  of  ^ 
the  present  chapter  to  explain  the  original  source  of  the  m&nganese 
as  now  found  in  the  Paleozoic  and  later  rocks,  and  the  various, 
stages  that  the  ore  has  passed  through  in  acquiring  its  present, 
chemical  and  physical  condition. 

It  will  be  attempted  to  show  that  the  different  steps  in  the 
formation  of  manganese  deposits  have  been  as  follows : 

(1)  The  derivation  of  the  manganese  from  the  decay  of 
the  Arch«an  and  other  pre-Paleozoic  rocks^  and  from  the 
products  of  igneous  action. 

(2)  The  solution  and  transportation  of  the  manganese  iiv 
the  form  of  soluble  organic  and  inorganic  salts  of  the  metal, 

(3)  The  precipitation  of  the  manganese  as  oxide  or  car- 
bonate. 

(4)  The  conversion  of  the  carbonate  into  oxide. 

(5)  The  subsequent  decay  of  the  rocks  which  were  deposited 
with  the  ore,  and  an  accompanying  change  in  the  nature  of  the- 
ore  and  sometitnes  in  its  physical  condition. 

It  will  be  observed  that  these  stages  in  the  history  of 
the  deposits  involve  a  primary  decay  of  rocks  as  a  source  of  the> 
ore,  an  intermediate  series  of  chemical  reactions,  and  then  a 
secondary  decay  of  the  newly  formed  deposits.  All  these  transi- 
tions can  be  seen  going  on  even  at  the  present  time,  and,  as  will 
be  shown  later  in  this  chapter,   many   deposits  can,  by  a  careful. 
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study  of  the  region  in  which  they  are  found,  be  traced  from  their 
original  source  to  their  present  resting  place.* 

The  various  stages  in  the  formation  of  manganese  deposits 
are  similar,  in  many  respects,  to  those   known  usually    to   have 
gone  on   in  the  formation  of  iron  ores,  but  they  differ  in  many 
minor  details  :  both  metals  have  their  origin  in  the  pre-Paleozoic 
rocks,  and  in  many  places  they  form  parts  of  the  same   minerals 
in  those  rocks ;  they  go  into  solution  in  the  same  manner,  and  are 
transported   in  the  same  surface  waters;  but  in  their  modes  of 
deposition,  though  they  sometimes   resemble   each  other,  they 
often  differ  considerably,  and  different  chemical  changes  go  on 
in    the   subsequent    alteration  of  the  oxides.     Hence,    though 
manganese  is  often  associated  with  iron  ore  deposits,  it  is  some- 
times comparatively  free  from  such  accompaniments;  and  even 
when  mixed  with  iron  ores,  the  association  takes  place  in  variable 
proportions  and  in  many  different  ways.     The  deposits  of  both 
are  so  closely  related  in  their  origin,  that  it  is  necessary,  for  the 
proper  understanding  of  the  origin  of  manganese  deposits,  to  refer 
more  or  less  to  that  of  iron  deposits,  though  the  latter  will  be 
<liscu<s$ed  only  to  the  extent  of  its   connection  with  manganese. 

The   subject   will    be  treated  under  the  following  general 
heads : 

Summary  of  the  nature  and  occurrence  of  manganese    ores. 

The  sources  of  manganese. 

The  forms  of  manganese  deposited  at  ordinary  temperatures. 

Conditions  of  deposition  of  manganese. — Qener,al  statement. 

Conditions  of  deposition  of  manganese. — In  springs  and  rivers 

Conditions  of  deposition  of  manganese. — In  local  basins. 

Conditions  of  deposition  of  manganese. — On  the  sea  floor. 

The  association  and  separation  of  manganese  and  iron. 

Secondary   chemical  and   physical  changes*  in    manganese 
deposits. 

The  origin  of  the  manganese  deposits  of  the  Batesville  region 
of  Arkansas. 


<■  These  statemeais  do  not  refer  to  the  maDganese  minerals  found  in  the  silrer  depoalU 
of  the  Rocky  Mountains  and  elsewhere,  which  are  often  of  veio  origin,  formed  in  a  rery  diflereni 
-manner  from  the  ordinary  bedded  deposits  to  which  the  present  dlscasaioa  is  confined. 
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SUMMARY   OF  THE   NATURE  AND    OCCURRENCE  OF   MANGANESC: 

ORES. 

The  nature  and  modes  of  occurrence  of  manganese  ores 
have  been  described  in  previous  chapters,  but  a  brief  summary 
of  the  principal  features  of  the  deposits  as  they  now  exist  may  be 
of  assistance  in  the  following  explanation  of  their  former  condi- 
tion. 

Manganese  occurs  in  nature  in  four  stages  of  oxidation :  the 
protoxide,  MnO ;  the  proto-sesquioxide,  MnjO^  (or  MnO^ 
MnjOj);  the  sesquioxide,  MujOj;  and  the  peroxide,  MnO^^.^ 
These  four  oxides  are  found  in  nature  as  distinct  minerals. 
The  protoxide,  sesquioxide,  and  peroxide  occur  in  both  the 
anhydrous  and  hydrous  forms,  while  the  proto-sesquioxide  occurs^ 
so  far  as  known,  only  in  the  anhydrous  form.  The  following 
table  shows  the  mineralogical  representatives  of  the  different 
oxides  and  their  relations  to  each  other. 

ForrM  of  manganese  oxides  in  nature. 


Chemical  composition. 

Anhydrous  form. 

Hydrous  form. 

Protoxide  fMnOl 

Maniranosite  (MnO) 

Pyrochroite  (MnO.HaO)... 

Proto-seAOuioxlde  ^MdiOa^ 

Hausmannite  (MniOO 

Setquloxlde  (MnaOs) « 

Peroxide  (MnO?) 

Braunitel  (MsaOa) 

Pyrolusite,  poliaoite  (MnOa) 

Manganite  (MnaOs.HaO). 

( Psilomelanet 

CWadI 

*>  Besides  these  forms  manganese  can  be  obtained  artiflcially,  as  manganates  and  per<-> 
manganates,  in  two  more  highly  oxidized  conditions  than  any  of  those  just  mentioned. 

t  Some  forms  of  braunite  contain  from  7  to  OTer  8  per  cent  of  silica.    (See  pages  80  and 
148-lM.) 

X  Various  formulas  ha^e  been  giren  for  psUomelane,  but  it  Is  usually  considered  to  b*. 
essentially  a  peroxide  of  manganese  with  Tariable  amounts  of  water,  potash,  and  baryta,  and 
sometimes  a  certain  amount  of  protoxide  of  manganese  (MnO)  and  sesquioxide  of  manganese 

(Md.O,). 

I  Wad  is  essentially  a  hydrous  peroxide  of  manganese  with  other  ingredients  in  Terj 
Tariable  quantities.    Certain  of  these  ingredients  are  supposed  by  some  to  be  in  chemical  com-, 
binatlon  in  the  material,  while  by  others  they  are  supposed  to  be  mostly  mechanical  admix-, 
tures. 
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By  the  combiDation  of  oxides  of  manganese  with  the  various 
mineral  forming  acids,  the  manganese-bearing  mineralSj  sacfa  as 
x^arbonates,  silicates,  phosphates^  tungstates,  and  others  are 
formed. 

The  workable  deposits  of  manganese  in  America,  so  far  as 
yet  discovered,  are  in  the  form  of  oxides^  generally  the  peroxide 
and  the  sesquioxide.  The  silicates  occur  in  large  quantities 
in  the  crystalline  rocks^  but,  on  account  of  their  high  percentage 
of  silica,  are  not  at  present  available  as  a  source  of  manganese. 
The  carbonate  is  of  common  occurrence,  but  in  small  quantities. 

Manganese  deposits  *  occur  in  rocks  of  various  kinds,  lime- 
stones, shales,  sandstones,  or  slates,  mentioned  in  the  order  of 
their  importance  to  the  subject  in  question.  The  ores  usually 
tend  to  follow  planes  of  bedding,  occurring  either  as  lenticular 
layers,  pockets,  or  nodules,  though  the  intermittent  character  of 
the  deposits  sometimes  obscures  this  tendency.  Whatever  their 
condition,  however,  they  follow  certain  stratigraphic  positions  in 
the  formations  containing  them,  and  even  if  they  are  only  in  the 
shape  of  nodules,  these  can  often  be  seen  studding  the  surface  of 
certain  planes  of  bedding.  In  some  places  pockets  and  irregular 
^'stringers''  of  ore  cut  directly  across  the  stratification,  but  they 
rapidly  thin  out  in  these  transverse  directions  and  are  due  to  a 
secondary  chemical  change,  which  has  dissolved  and  re-deposited 
the  ore,  as  already  explained  in  the  case  of  the  Appalachian 
Mountains,  Nova  Scotia,  New  Brunswick,  and  elsewhere. 

The  ores  as  found  on  the  surface  are  often,  or  even  gener- 
ally in  a  residual  clay  which  represents  the  product  of  the  de- 
composition, in  situ,  of  the  original  ore-bearing  rock.  This 
clay  sometimes  extends  downward  for  a  depth  of  over  two 
hundred  feet,  but  eventually  blends  into  the  undecomposed  bed. 
Sometimes,  however,  the  manganese-bearing  stratum,  has  not 
decayed  even  on  the  surface,  and  the  ore  is  found  in  the  original 
rock. 

The  ore  most  commonly  associated  with  manganese  is  iron: 
there  is  almost  always  some  of  this  ingredient  in  all  manganese 

*  The  deposits   here  referred  to  are  those  which  are  of  primary  importenoe  as  a  louroa 
maoganese,  and  not  the  manganiferous  silrer  ores,  which  occur  in  associations  entirely  dif* 
t  from  those  of  the  deposits  in  question. 
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tlepositSy  though  it  is  often  in  insignificant  quantities  and  man- 
^nese  is  the  predominating  ore;  while  elsewhere  manganese 
x)ccurs  as  a  subordinate  constituent  of  iron  ore  deposits.  Besides 
iron  the  most  common  mineral  accompaniments  of  manganese 
-deposits  are  calcite  and  barite;  while  in  intimate  association 
ifith  the  composition  of  the  ores  themselves  are  nickle^  cobalt, 
^inc,  lead,  silver,  phosphorus,  and  numerous  rarer  elements,  as 
explained  in  chapter  Y. 

THE  SOURCES  OF   MANGANESE. 

General  atatement. — The  sources  of  manganese  in  the  Paleo- 
:zoic  and  later  sedimentary  rocks  are  to  be  found  in  the  pre-Pale- 
-ozoic  *  and  in  the  igneous  rocks. 

The  fact  that  the  largest  manganese  deposits  in  the  United 
States  and  Canada  are  in  the  neighborhood  of  such  rocks  is  in 
itself  suggestive;  but  when  it  is  found  that  large  areas  of  bog 
manganese  ore  occupy  basins  in  the  decayed  surface  of  the  pre- 
•Paleozoic  rocks,  and  that  the  river  pebbles  in  areas  of  these 
rocks  are  frequently  encrusted  with  a  black  coating  of  oxide  of 
manganese,  other  facts  are  encountered  which  at  once  suggest  a 
possible  pre-Paleozoic  source  for  manganese  deposits.  When, 
moreover,  it  is  observed  that  volcanic  breccias  are  sometimes 
cemented  by  manganese,  that  segregated  masses  of  oxide  of 
manganese  are  sometimes  fouod  in  lava,  and  that  the  man- 
ganese nodules  dredged  up  from  the  sea  bottoms  are  in 
intimate  association  with  volcanic  debris,  the  possible  source  of 
manganese  in  igneous  rocks  claims  attention.  When  these  two 
-classes  of  rocks,  pre-Paleozoic  and  igneous,  especially  the 
former,  are  examined  in  their  more  minute  details,  and  it  is 
found  that  of  the  minerals  composing  them,  those  containing 
manganese  are  among  the  most  common,  the  probability  of  their 
being  the  source  of  manganese  in  the  younger  rocks  becomes 
^established. 

The  comparative  importance  of  pre-Paleozoic  and  igneous 
rocks  as  sources  of  manganese  is  oflen  somewhat  uncertain,  as 

*  By  tbe  pre-Paleozoic  rocks  are  here  meant  the  Archean  rocks  and  those  other  rocka 
"Older  than  Paleozoic  which  hafe  been  differentiated  by  Tarious  authorities  from  Archean. 
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in  many  cases  they  are  so  iDtimately  associated  that  it  is  difficult 
to  tell,  without  an  exhaustive  series  of  analyses,  which    have 
afforded  the  larger  quantity  of  the  manganese  in  any  one  place  ;^ 
but  inasmuch  as  a  large  number  of  the  pre- Paleozoic  rocks  may 
themselves  have  had  either  a  direct  or  an  indirect  igneous  origio^ 
the  exact  determination  of  this  question  loses  its   importance. 
So  far  as  the  facts  at  hand  show,  however,  the  various  pre-PaIeo« 
zoic  rocks,  especially  the  Archean,  whatever  their  origin^  appear 
to  have  played  a  far  more  important  part   as  a   source  of  man« 
ganese  than  the  later  igneous  rocks.     In  the  following  discussion 
both  classes  of  rocks  will,  for  the  sake  of  convenience,  be  treated 
under  the  heading  of  crystalline  rocks,  though,  unless  otherwise 
stated,  the  remarks  will  refer  more  especially  to  the  pre-Paleozoio 
rocks. 

DiatribiUion  of  crystalline  rocks. — The  crystalline  rocks  form 
a  broken  fringe  around  the  Mississippi  basin,  extending  on  the 
east  from  Maine  to  Georgia;  on  the  north  from  Maine  up  the 
valley  of  the  St.  Lawrence,  through  the  region  of  the  Great 
Lakes,  and  thence  to  the  northwest;  on  the  west  extending  along 
the  line  of  the  Rocky  Mountains;  on  the  south  occurring 
in  local  areas  in  central  Texas  and  southeastern  Missouri^ 
These  exposures  once  represented  more  or  less  isolated  areas  in 
the  Paleozoic  sea,  and  deposits  of  manganese  ore  were  formed 
at  many  places  within  the  area  enclosed  by  them,  especially 
along  their  borders. 

In  the  Appalachian  region  the  manganese  deposits  in  the 
early  Paleozoic  rocks  form  an  intermittent  belt  along  the  north- 
western side  of  the.  barrier  of  crystalline  rocks,  from  northern 
Vermont,  down  the  eastern  side  of  the  valley  of  Lake  Cham- 
plain,  through  Virginia,  Tennessee,  Georgia,  and  into  Alabama. 

In  New  Brunswick  and  Nova  Scotia  manganese  deposits  in 
Lower  Carboniferous  limestone  lie  along  the  border  of  the  pre* 
Paleozoic  and  igneous  rocks  of  the  northern  Appalachians. 

In  northern  Arkansas  the  manganese  ores  in  Silurian 
limestone,  in  the  Batesville  region,  lie  to  the  south  of  the 
Archean  area  of  Missouri. 

In  Colorado    manganese  and  iron  ores  in   the   Paleozoio 
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rocks  border  the  area  of  crystalline  rocks  of  the  Rocky  Mouu- 
tains. 

Manganese  minerals  in  the  crystalline  rocks, — The  source  of 
manganese  in  the  crystalline  rocks  exists  mostly  in  the  various 
silicates  containing  manganese  as  their  base,  or  as  one  of  their 
bases.  By  the  chemical  decomposition  of  the  silicates^  the- 
manganese  is  abstracted,  taken  into  solution,  and  carried  off  by- 
springs  or  surface  waters  to  be  deposited  among  the  sediments^ 
forming  elsewhere. 

Among  the  most  common  silicates  are  those  containing 
manganese  and  iron,  either  separately,  in  different  minerals,  or 
together  in  the  same  mineral.  The  numerous  manganiferous^ 
silicates  have  already  been  referred  to  in  chapter  V .  and  do  not 
require  further  discussion  here.  Among  the  best  known  of  them- 
are :  rhodonite ;  the  manganiferous  forms  of  pyroxene,  amphibole,. 
and  garnet;  the  manganiferous  minerals  of  the  olivine  group, 
such  as  tephroite,  roepperite,  knebelite,  danalite,  and  helvite  ;. 
the  manganiferous  mica,  manganophyllite ;  the  manganiferous 
epidote  known  as  piedmontite ;  the  minerals  ilvaite,  ardennite^ 
trimerite,  and  numerous  others. 

Besides  existing  in  the  form  of  silicates,  manganese  often 
occurs  in  the  crystalline  rocks  as  carbonate,  (rhodochrosite  or 
diallogite).  This  is  frequently  associated  with  rhodonite,  and  has 
in  some  cases  probably  resulted  from  the  alteration  of  that  min- 
eral. The  rarer  manganese  minerals,  such  as  phosphates  and 
tungstates  of  manganese  and  other  forms,  also  occur  in  the 
crystalline  rocks,  but  they  are  in  exceedingly  small  quantities 
compared  with  the  silicates. 

Though  the  oxides  of  iron  in  the  forms  of  magnetite  and 
hematite  are  frequently  found  in  large  quantities  in  the  crys- 
talline rocks,  the  free  oxides  of  manganese  are  proportionally 
much  rarer  in  such  rocks,  except  where  they  occur  as  a  secondary 
product  resulting  from  the  superficial  oxidation  of  the  silicates 
and  other  manganese-bearing  minerals.*  Sometimes,  however, 
oxides  of  manganese  do  occur  in  the  crystalline   rocks,  either   in 

m  Mm  -  -  — -  -■■-■_    ^  _   -  ■       ^  ^^^ 

*  The  surface  outcrops  of  silicatei  of  manganese  are  almoet  always  more  or  less  exten^ivelj^. 
converted  to  oxides.  * 

85  Geological,  Vol.  1.,  1890. 
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a  free  state  or  with  magnetites  and  hematites,  and  also  in  other 
as!=>ociations,  such  as  in  the  mineral  franklinite,  an  oxide  of  iron, 
zinc,  and  manganese. 

It  will  thus  be  seen  that  though  the  variety  of  manganese- 
bearing  minerals  in  the  crystalline  rocks  is  large,  the  silicates  are 
by  far  the  most  plentiful,  and  it  is  to  them  that  it  is  necessary  to 
look  for  the  principal  source  of  manganese  in  later  clastic  rocks, 
^hen  the  silicate  is  in  the  form  of  rhodonite,  it  occurs  as  inter- 
bedded  layers,  lenticular  pockets,  and  possibly  veins  in  granitic, 
gnrissic,  and  schistose  rocks.  When  it  is  in  the  form  of  garnet, 
it  occurs  either  in  separate  crystals,  scattered  in  greater  or  less 
quantities  through  certain  rocks,  or,  as  in  the  case  of  the 
spessartite  and  other  manganese-bearing  garnets  described  in  the 
central  Texas  region  (chapter  XVI.),  it  exists  in  the  form  of 
apparently  interbedded  layers. 

Manganiferous  augite  and  hornblende,  as  well  as  the  other 
rarer  manganese-bearing  silicates,  usually  occur  in  nests  and 
pockets.  Many  of  the  silicates  also  often  occur  as  minor  con- 
stituents of  veins  in  the  crystalline  rocks. 

Agents  of  decay  of  the  crystalline  rocks. — The  surface  out- 
crops of  the  crystalline  rocks   have  all  been  decomposed  to  a 
greater  or  less  degree  by  the  combined  action  of  carbonic  acid 
and  other  organic  and  inorganic  acids,   and  of  oxygen,   surface 
waters,  and  sometimes  other    agencies.      It  was  formerly  sup- 
posed  that  carbonic  acid  was  the  principal  organic  agent  ia 
the  decay  of  rocks,  but  Julien*  has  shown  that  other   acids 
formed  by  the  decay  of  organic  matter,  such  as  humic,  crenic, 
apocrenic,  formic,  acetic  acids,  etc.,  may  have  played  an  import- 
ant part,  often  considerably  more  so  than  carbonic  acid.     Locally, 
however,  in  special  cases  where   it  is  set  free  in  large  quantities 
by    the    action   of  acidulated   waters  on    limestone,    carbonic 
acid  may  have  a  far  more  powerful  effect  than  the  other  organic 
acids. 

Sulphuric  acid  formed  by  the  decomposition  of  iron  pyrites 
in  the  crystalline  rocks,  has  in  some  cases  been  an  active  agent 
in  hastening  decay.     This  acid,  as  well  as  hydrochloric  and  other 

*  Alexis  A.  J ulien,  Proceed.  Amer.  Assoc.  Adr.  Sci.,  Vol.  XXVIII.,  1879,  pp.  811*410. 
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acids^  might  originate  also  in  the  vapors  produced  by  igneous 
action.  It  has  been  suggested  that  nitric  and  nitrous  acids,  gen- 
erated in  thunder  storms,  have  played  a  subordinate  part  as 
decomposing  agents  ^hen  taken  up  in  surface  waters  and  carried 
down  into  the  rocks. 

Climate  also  has  an  influence  on  the  rapidity  of  the  decom- 
position of  rocks,  as  in  a  dry  equitable  climate  they  will  succumb 
much  less  rapidly  than  where  they  are  exposed  to  the  action  of 
repeated  rainfalls  and  of  sudden  changes  of  temperature,  causing 
expansions  and  contractions  which  assist  in  a  rapid  breaking 
up  of  the  rocks. 

Mode  of  decay  of  the  crystalline  rocks. — The  decay  of  crys- 
talline rocks  is  not  simply  a  process  of  mechanical  disintegration, 
but  it  also  represents  profound  chemical  changes  in  the  mineral 
constituents  of  the  rock,  which  give  rise  to  mineralogical  combi- 
nations totally  different  from  the  original  forms.  The  constit- 
uents of  most  crystalline  rocks  might  be  divided,  in  relation  to 
their  action  during  decay,  into  stable  and  unstable  minerals. 
The  stable  class  is  represented  by  quartz,  which,  during  the 
•decay,  undergoes  little  or  no  chemical  change,  but  is  simply 
broken  up  mechanically,  carried  off  as  sand,  and  deposited  in  the 
beds  of  sandstone  common  in  all  geologic  ages  from 
Oambrian  (o  recent. 

In  the  unstable  class  are  grouped  the  large  variety  of  silicates, 
which  compose  the  mass  of  all  granites,  gneisses,  schists,  and 
other  crystalline  rocks.  When  silicates  decompose  under  surface 
influences,  the  metallic  bases  combine  with  carbonic  and  other 
organic  or  inorganic  acids,  and  are  removed  in  solution  as 
bicarbonates  or  salts  of  the  other  acids.  A  part  of  the  silica  is 
also  taken  up  in  solution,  and  the  rest,  together  with  the  alumina, 
remains  as  a  residual  clayey  product,  which  mixes  with  the  sand 
derived  from  the  quartz  of  the  original  rock.  When  this  resid- 
ual material  is  finally  eroded  by  surface  waters,  the  whole  mass 
is  sorted  by  the  action  of  running  water,  the  sand  being  deposited 
first,  and  the  lighter  material  being  carried  on  to  form  the  sedi- 
ments of  future  beds  of  shale  and  slate. 

The  iron  and  manganese  are  carried  o£f  in  solution  and  are 
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eventually  precipitated  with  the  sandy  and  clayey  sediments  the]> 
forming  in  the  bottom  of  the  sea,  coastal  lagoons,  or  bogs  into 
which  the  surface  waters  drain.  The  carbonates  or  other  salts 
of  lime^  magnesia^  soda^  potash,  etc.,  derived  from  the  silicates^ 
are  also  carried  off  in  solution  and  go  to  form  their  part  of  the 
mineral  constituents  of  almost  all  natural  waters.* 

Depth  of  decay  of  the  cryataMine  rocks. — In  the  United  States 
the  decay  of  rocks  is  especially  noticeable  in  the  south,  where 
the  outcrops  exist  as  soft  clay  beds,  or  as  an  angular  gravelly 
material  composed  of  fragments  of  the  original  rock  which  have 
so  far  escaped  decomposition.  In  the  northern  states  the  soft 
decomposed  rock  which  had  gradually  collected  through  geologia 
ages,  has  been  mostly  removed  by  glacial  action  in  late 
geologic  times,  and  as  the  interval  that  has  elapsed  since  then 
has  been  too  brief  to  allow  of  any  great  decomposition,  the 
smooth,  hard,  glaciated  surfaces  of  the  crystalline  rocks  charac- 
teristic of  New  England  and  Canada  are  exposed.  In  some- 
places,  however,  where  the  products  of  decay  have  been  protected 
by  the  local  topographic  features  of  the  country,  they  still  retain 
a  considerable  thickness. 

C.  U.  Shepard,t  as  early  as  1837,  described  the  formation 
of  extensive  deposits  of  clay  from  the  decay  of  the  feldspathio 
rocks  of  western  Connecticut. 

At  the  western  base  of  Hoosac  Mountain,  Massachusetts,, 
where  the  decayed  rock  has  escaped  the  erosion  of  glacial  action, 
the  steeply  dipping  gneisses  and  schists  have,  according  to  T. 
Sterry  Hunt,  completely  decayed  to  a  depth  of  over  200  feet; 
while  at  230  feet  the  decay  has  not  been  so  general,  though 
evidences  of  it  are  seen  to  over  300  feet.t 

According  to  Dr,  Hunt  ||  the  veins  of  cupriferous  pyrites 
in  the  crystalline  rocks  of  Ashe  county,  North  Carolina,  have 
been  decomposed  to  a  depth  of  from  40  to  70  feet. 


«  Various  other  chemical  changes  also  take  place  in  the  decaj  of  the  crxstaiUiie  roeks» 
such  as  the  formation  of  kaolin,  h  jalite,  and  nnmerous  other  mineralSi  hut  these  hare  no  oon-^ 
section  with  the  present  subject. 

t  Geol.  Survey  of  Connecticut,  1837,  pp.  78-75  (quoted  bj  T.  8.  Hunt). 

X  T.  Sterry  Hunt,  Mineral  Physiology  and  Physiographyi  1886,  pp.  266-267. 

I  Ibid.,  pp.  268-269. 
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Raphael  Pumpelly*  describes  the  ezteosive  decay  of  the 
Antbeaa  rocks  of  southeastern  Missouri^  and  the  formation,  as 
-at  Iron  Mountain,  of  residual  clay  containing  iron  ore  which 
once  existed  in  the  oi'iginal  rock.  W.  B.  Potterf  has  lately 
fully  described  and  illustrated  the  occurrence  of  these  iron  ore 
deposits  and  has  also  explained  the  relations  of  certain  of  them 
to  underlying  Archean  and  overlying  Paleozoic  rocks. 

In  the  central  Texas  region  the  feldspathic  rocks  have  often 
been  disintegrated  and  more  or  less  decomposed  to  considerable 
depths,  and  in  the  bluffs  of  some  parts  of  the  Colorado  Biver,  in 
Llano  county,  ledges  of  angular  feldspathic  gravel  mark  the 
outcrop  of  these  rocks.. 

In  the  silver  deposits  of  Butte  City,  Montana,  the  sulphides 
of  iron,  lead,  zinc,  etc.,  and  the  carbonate  and  silicate  of  mangan- 
ese have  all  been  more  or  less  completely  converted  to  oxides 
down  to  the  water  level  of  the  country,]!  which  is  sometimes  200 
feet  II  below  the  surface,  while  below  that  point  they  assume 
their  original  unaltered  condition. 

In  Brazil  the  crystalline  rocks  in  some  places  have  been 
decomposed, to  a  depth  of  800  feet  or  more.§ 

According  to  Raphael  Pumpelly,  many  inclosed  basins  in 
crystalline  rocks  in  Asia  have  been  formed  by  the  unequal  decay 
of  the  rock  and  the  removal  of  the  residual  materials  by  winds.^ 

The  decay  of  the  crystalline  rocks  is  not  confined  to  later 
geologic  times,  but  dates  back,  as  discussed  by  T.  Sterry  Hunt,*  * 
to  the  earliest  ages   to   which  there  are  means  of  tracing  it. 

Thus  it  will  be  seen  that  by  the  decay  of  the  crystalline 
rocks  continued  through  geologic  ages,  a  large  amount  of  man- 
ganese has  been  continually  supplied  in  solution  to  the  circulat- 
ing waters,  and  when  the  conditions  suitable  for  its  precipitation 

*  Geological  SurTey  of  Missouri,  Iron  Ores  and  Coal  Fields,  1872. 

t  Trans.  Amer.  Inst.  Mng.  Eng.,  Vol.  XIX.,  1890-91.  ' 

X  W.  p.  Blake,  Trans.  Amer.  Inst.  Mng.  Eag.,  Vol.  XVI.,  1878-79,  pp.  74-75.  E.  D. 
Peters,  Jr.,  Mineral  Rraources  of  the  United  States,  1888-1884,  p.  880.  See  alio  this  report, 
p.  453. 

I  W.  P.  Blake,  Ibid.,  p.  74. 

'i  Llais,  Gtelogie  du  Br6sil,  p.  2.    (Oited  bj  Oeikie). 

<[  Amer.  Joar.  Sci.,  8rd  series.  Vol.  XVII.,  1879,  pp.  189-140. 

<■<■  Mineral  Physiology  and  Physiography,  pp.  269-270. 
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have  been  realized^  it  has  been  again  laid  down  in  the  form  of 
ore  deposits. 

FORBfS  OP   MANGANESE   DEPOSITED   AT  ORDINARY 

TEMPERATURES. 

General   statement. — The     mineralogical    forms   in    which 
manganese  is  deposited  from  solution  at  ordinary  temperatures^ 
depend  on  the  conditions  of  the  air  and  water,  whether  of  an 
ozidizing   or  reducing  nature,   and   on  the  character    of   the 
associated   inorganic  or  organic  matter,  either  in  solution   with 
the  manganese  or  as  a  sediment  on  the  floor  of  the  sea,  lagoon,, 
or  bog  in  which  deposition  takes  place.     Manganese  is  laid  down 
mostly  asozide  and  carbonate,  and   possibly  sometimes,  though 
very  rarely,  as  sulphide  ;  while  iron  at  ordinary  temperatures  ia 
laid  down  as  oxide,  carbonate,  sulphide,  or  as  the  hydrous  silicate 
of  iron  and  potash  known  as  glauconite.    In  the  cases  of  both 
manganese  and  iron  one  of  the  most  common  forms  of  deposition 
is  as  carbonate,  which  is  subsequently  often  converted  to  ozide.^ 

The  metamorphism  at  high  heat  of  the  forms  of  manganese 
laid  down  at  ordinary   temperatures,   in  connection  with  other 
materials,  gives  rise  to  various  silicates  and   other  manganese-^ 
bearing  minerals,  as  described  later  in  this  chapter. 

Deposition  as  oande. — When  the  solutions  of   organic  or  in-^ 
organic  salts  of  iron  and  manganese  are  freely  exposed  to  the 
action  of  air,  as  in  shallow  or  rapidly  running  water,  free  from 
contact  with  organic  matter,  they  are  quickly  oxidized,  and  the 
iron   is  precipitated  in  the  form  of  hydrous  sesquioxide,  while 
manganese  is  precipitated  either  as  a  simple   carbonate  or  aa 
peroxide  (probably  sometimes  also  as  sesquioxide)  in  a  higher  or 
lower  state  of  hydration.      Manganese  seems  often  to  retain  its 
carbonate    form    during  deposition   with   more  tenacity   than 
iron. 

The  precipitation  of  the  oxides  is  seen  going  on  in   many 
surface  waters  at  the  present  time :    the  slimy,  rusty  scum  ooz- 

^  When  Uie  manganese  and  iron  were  origioally  in  solution  as  other  oiganic  salts  Uiaik 
carbonates,  it  is  possible,  as  suggested  by  Julien  (Prooeed.  Amer.  Assoc.  Adv.  Sci.,  Vol.  XXVIII« 
2879,  p.  866)  for  calcareous  oonoreiions  containing  iron  and  manganese,  that  the  carbonatea  now 
d  "may  be  merely  the  fixed  residue  of  organic  acids  of  more  complex  form,    *    o    «    » 
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ing  out  of  the  sides  of  ditches  made  in  low  places,  the  iridescent 
brown  crust  often  mistaken  for  oil  on  spring  water,  and  the 
brown  incrustation  on  many  river  pebbles,  represent  hydrous  per- 
oxide of  iron  precipitated  from  the  solution  of  bicarbonate  or 
other  salts  of  iron. 

Similar  occurrences  take  place  with  manganese,  but,  as  that 
metal  is  rarer,  its  presence  is  less  often  observed  and  it  is 
usually  mistaken  for  iron.  Thus  the  waters  of  many  springs 
deposit  a  black  sediment  of  oxide  of  manganese  near  the 
point  where  they  come  to  the  surface  of  the  ground.  This  is 
especially  true  of  hot  springs  where  the  waters,  when  they  cool 
on  the  surface  and  become  partly  oxidized,  rapidly  deposit  part 
of  the  excess  of  mineral  matters  which  their  high  temperature 
and  freedom  from  oxidizing  influences  underground  had  en- 
abled them  to  carry  up.  Some  of  the  Steamboat  Springs  in 
western  Nevada  deposit  oxide  of  manganese  among  their  other 
metalliferous  sediments ;  and  the  warm  springs  of  Qolconda, 
Nevada,  form  a  calcareous  and  siliceous  sinter  often  highly 
stained  with  manganese.  The  Hot  Springs  of  Arkansas  deposit 
a  calcareous  sinter  which  is  impregnated  with  oxide  of  mangan- 
ese in  the  same  manner. 

A  hot  spring  near  the  Cape  of  Good  Hope,*  having  a 
temperature  of  110^  Fahrenheit,  deposits  oxide  of  manganese  in 
its  discharge  channel ;  a  mineral  spring  in  the  house  of  the 
Russian  Crown  at  Carlsbad,t  with  a  temperature  of  68°  Fahren- 
heit, also  forms  manganiferous  deposits;  and  the  springs  of 
Luxeuil  X  as  well  as  the  water  in  a  certain  mine  at  Freyberg 
form  manganiferous  sediments.  ||  The  portion  of  manganese 
which  is  not  precipitated  at  or  near  the  mouths  of  the  springs,  is 
carried  on  to  the  streams  into  which  the  springs  drain,  and  there 
partly  deposited  on  the  river  gravel  or  the  finer  sediments,  and 
partly  carried  still  farther,  until  it  eventually  reaches  the  sea  or 
any  other  basin  to  which  the  waters  of  the  region  are  tributary* 
Thus  a   black  incrustation   of  manganese  is  often  seen  on  the 

*  Townsend,  I'lnsiitut.,  1844,  No.  529.    (Bi«cliof). 

t  Kenten's  a.  ▼.  Dechen'i  ArchW.  f.  Mineral.,  etc.,  Vol.  XIX,  p.  764.  (Bischof). 

X  firaconnot,  Ann.  de  Chim.  et  de  Pbys.,  Vol.  18,  p.  321.    (BUchof.) 

I  Kenten's  n.  t.  Dechen's  ArchiT.  f.  Mioenl.,  etc.,  Vol.  XIX.,  p.  754.    (Bischof.) 
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pfl)l>les  in  ravines  and  id  river  beds,  especially    at  waterfalls, 
where  the  rapid  movement  of  the  water  has  allowed  the  free 
oxidation  of  its  metalliferous  contents.     This  is  espeoiallj  note- 
worthy in  some  of  the  canyons  in  the  crystalline  rocks  of  Colo* 
rado:  in  Virginia  Canyon,  near  Idaho  Springs,  about  forty  miles 
west  of    Denver,   a  black  cement  of  manganese    oxide   binds 
togt-ther  the  detrital  material  that  has  accumulated  in  the  bottom. 
On  either  side  of  the  canyon  the  gneissic  and   schistose  rocks 
form  steep  blufis,  in  which  rhodonite  is  said  to  be  foand  in  the 
silver  veins  of  the  region,  thus  revealing  a  probable    source  of 
the  oxide.      Such  occurrences  are  local,  however,  and  the  man- 
ganese cements  the  material  only  in  spots.     At  the  junction  of 
Virginia  Canyon  and  Boomerang  Gulch,  a  deposit  of  rock  frag- 
ments thus  bound  together  varies  from  6  to  10  feet  in  thickness. 
A  manganese  coating  covers  the  pebbles  in  many  of  the  rapid 
streams  in  the  Archean  area   of  New  England,  and  David  A. 
Wells*  describes  it  on  the  Merrimac  and  elsewhere.      Dr.  J.  C. 
Branner,  during  his  geologic  investigations  in  Brazil,  observed 
a  similar  coating  of  manganese  oxide  in  the   rapids  of  the  Rio 
Sao  Francisco  at   Piranhas,  below  the   falls  of  Paulo  Affonso ; 
in  the  rapids  at  the  head  of  navigation  on  th^  Rio  Araguary ;  and 
near  the  head  waters  of  the  Paraguay.     The  manganese  oxide 
which  sometimes  coats  pebbles  in  Lower  Carboniferous  conglom- 
erates in   New   Brtinswick   and   Nova   Scotia   may   have   been 
derived    in    a  somewhat  similar  manner   by  the  splashing  of 
water  on  the  shore. 

John  Davy  f  describes  a  coating  of  manganese  oxide  on  the 
river  pebbles  in  the  lake  district  of  Westmorland  and  Cumber- 
land,   England. 

Thus  it  will  be  seen  that  when  waters  containing  man- 
ganiferous  solutions  are  in  itipid  motion,  as  at  the  mouths  of 
springs  or  in  rivers  or  creeks,  they  are  freely  exposed  to 
oxidation,  and  consequently  the  part  of  the  manganese  that  is 
precipitated  is  usually  in  the  oxide  form.  X     The  part  that  is  not 

*  Amer.  Jour.  Soi.,  2d  series,  Vol.  XIII.,  1852,  pp.  9-11.  Mr.  Wells  believes  the  man- 
f^nese  to  bare  been  derived,  bj  the  dissolying  action  of  organic  acids,  mostlj  fttMU  a  double 
carbonate  of  lime  and  manganese  in  igneous  and  metamorpluc  rocks. 

t  Edinburgh  New  Phil.  Jour.,  July,  1851,  pp.  87-88. 

X  A  case  of  depoeltion  of  manganese  as  carbonate  at  the  mouth  of  a  ipiiog  wUl  be  de* 

scribed  later  in  this  chapter. 
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precipitated,   however,  is  carried  on  to  the  body   of  water  to 
which  the  streams  are  tributary  and   there   precipitated,  some- ' 
times  a^  ozide  and  sometimes  as  carbonate. 

Deposition  as  oarboncUe. — When  the  manganiferous  solu- 
tions io  the  form  of  surface  waters  are  protected  from  oxidation 
by  being  in  the  presence  of  a  reducing  agent,  such  as  vegetable 
-or  animal  matter,  they  are  often  precipitated  as  carbonate.  The 
bicarbonate  or  other  salts  of  manganese  that  are  in  solution, 
however,  are  so  easily  oxidized  that  unless  the  protection  from 
Dxidation  is  very  complete,  the  manganese  is  precipitated  as 
oxide.  Hence  the  vegetation  of  bogs  is  sometimes  coated  with 
oxide  of  manganese.  This  occurrence  is  more  commonly  seen 
with  iron  than  with  manganese,  on  account  of  the  greater 
abundance  of  the  former  material,  and  a  rusty  scum  on  the 
vegetation  is  characteristic  of  the  bogs  or  marshes  into  which 
haters  laden  with  solutions  of  iron  empty. 

Fresenius  *  has  shown  that  the  warm  waters  of  Wiesbaden, 
which,  among  other  constituents,  contain  manganese  and  iron, 
-deposit  the  iron  in  the  form  of  oxide,  while  the  manganese  is 
carried  on  farther  in  solution  and  deposited  as  carbonate.  This 
would  point  to  a  greater  stability  in  nature  for  carbonate  of 
manganese  than  carbonate  of  iron,  f  though  under  many 
circumstances  they  are  both  easily  oxidized. 

Under  suitable  conditions,  however,  the  carbonate  of  both 
metals  may  be  deposited,  often  in  the  same  spot.  Hence  in  the 
Coal  Measures,  where  carbonaceous  matter  is  abundant  not  only 
in  the  coal  beds,  but  also  in  lesser  quantities  throughout  the 
associated  rocks,  the  characteristic  deposits  of  ^  more  or 
less  manganiferous  siderite,  or  carbonate  iron  ore,  occur. 
These  ores  contain  from  a  fraction  of  a  per  cent  to 
over  four  per  cent  of  carbonate  of  manganese.  X  H.  D. 
Rogers  ||  suggested  in  1858  that  the  siderite  deposits  were  caused 
by  the  conversion  of  sesquioxide  of  iron   into  carbonate    by 

«  Jahrb.  dea  Vereins  f.  Natarkunde  in  Han.  NMsaQi  Vol.  VI.,  p.  160  (Biachof)- 

1  It  iB  a  well  Mtabliahed  fact  in  ohemlstry  that  the  carbonate  of  manganese  is  a  more 
'Stable  material  than  carbonate  of  iron. 

t  See  H.  D.  Bogers,  Geol.  Sunrej  of  Penn.,  Vol.  II.,  1858,  p.  789  ;  alao  Andrew  S.  Mc« 
breath,  Second  Oeol.  Surrey  of  Penn.,  Vol.  M.  M.,  1879,  pp.  162-166. 

I  Oeologieal  Sanrej  of  PenniylTania,  Vol.  IL,  1868,  p.  788. 
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organic  matter  and  its  subsequent  segregation  as  now  found  ixk 
layers  and  nodules. 

Similar    associations   of   the  two  carbonates   are   seen   in 
various  other  places  and  in  both  the  same  and  different  geologic- 
associations  :  thus  T.  S.  Hunt  *  describes  carbonate  of  iron  con- 
taining greater  or  less  quantities  of  manganese,  and    sometimes^ 
blending  into   pure  carbonate  of  manganese  (rhodochrosite),  on 
the  east  side  of  the  Hudson  River  in  New  York  and  Massa^ 
chusetts.     Hunt  also  describes  the  existence  of  comparatively 
pure  carbonate  of  manganese  in  slates,  probably  of  Silurian  age^ 
at   Placentia   Bay,  Newfoundland,  f     Spiegeleisen   is   made  in 
Germany  from  a   spathic   iron   ore   from   Nassau  ^   containing 
sometimes  over  eighteen  per  cent   of  carbonate  of  manganese^ 
and  fiischof  II  describes  other  spathic  iron  ores  in  Qermany  con- 
taining from  three  to  forty  per  cent  of  the  same  material,  as  well 
as  pure  carbonate  of  manganese  from  Nagyag,  Transylvania. 

During  the  precipitation  of  the  carbonates,  a  certain  amount, 
of  organic  matter  is  carried  down  with  them,  and  hence  the 
analyses  of  these  ores  often  show  a  considerable  amount  of  such 
impurities.  This  is  especially  noticeable  in  the  Carboniferoua 
rocks,  and  Bischof§  describes  carbonate  of  manganese  ironk 
Nagyag,  in  Transylvania,  which  contains  from  6.22  to  10.11  per 
cent  of  organic  matter.^ 

Deposition  as  sulphide.  —  Iron  is  often  deposited  in. 
the  form  of  sulphide  (iron  pyrites),  but  manganese  is  rarely  found 
in  that  form,  and  when  it  does  occur  it  is  always  in  very  small 
quantities.     Iron  forms  three  sulphides  in  nature,  pyrite,  pyrrho^ 

*  Mineral  Physiology  and  PbjBiography,  p.  261. 

t  Geological  Survey  of  Canada,  1857-1858,  p.  204-205 ;  also  Amer.  Joar.  Sci.,  Vol.. 
XXVIII.,  1859,  p.  374. 

I  D.  Forbes.  Joarnal  Iron  and  Steel  Inst.  1872, 1.,  p.  168. 

g  Elements  of  Chem.  and  Phys.  Geology,  Vol.  III.,  pp.  496-i>07. 

g  Ibid.,  p.  507. 

*|  It  has  been  suggested  by  Julien  (Proc.  Amer.  Assoc  Adv.  Sci..  Vol.  XXVIL,  1879,  p«^ 
280)  that  the  organic  matter  found  in  many  iron  and  manganese  oxides  may  be  the  remains  ol 
the  organic  acids  thst  were  combined  with  the  metals. 
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tite,  and  troilite,*   but  pyrite  is  the  most  common  and  occurs 
in  all  rocks  fiom  Archean  to  recent.     It  is  formed  in  nature  by 
the  action  of    soluble  sulphides    or  sulphuretted  hydrogen  on 
soluble  salts  of  iro^,  or  by  the  reduction  of  the  sulphate  by  or^ 
ganic  matter. 

Manganese    forms    two    sulphides    in    nature,    a    mono^ 
sulphide    known    as    alabandite,  and   a  disulphide   known    as. 
hauerite.  f    Both  minerals  are  very  rare  and  are   so  unstable 
that  they  rapidly  become  oxidized  on-  exposure.    Alabandite  is. 
the  less  rare  form  and  usually  occurs  as  a  subordinate  con- 
stituent of  metalliferous  veins.    It  is  said  to  be  found  at  the 
Caledonia  silver  mine,    Kingston,    Kew   Mexico,  and  in  the- 
silver  deposits  of  Potosi,  old  Mexico.    It  also  occurs,  accord- 
ing to  J.  D.  Dana,t  in  association  with  tellurium,  quartz,  and 
carbonate  of  manganese  in  the  gold  mines  of  Nagyag,  Kapnik,, 
and  Offenbanya,   in  Transylvania ;  at  Gersdorf  near  Freiberg  ^ 
and  at  Morococha,  Peru.      Hauerite  occurs  with  gypsum  and 
sulphur  at  Kalinka,  Hungary. 

Though  the  sulphides  of  manganese  are  easily  oxidized, 
they  are  not  so  unstable  that,  had  they  ever  been  formed  in  con- 
siderable quantities  in  sedimentary  deposits,  they  would,  even  at 
considerable  depths,  have  left  no  trace  of  their  former  presence. 
Moreover  the  sulphide  of  manganese,  as  produced  artificially,  ||  is. 
soluble  in  certain  organic  acids,  noticeably  acetic,  and  as  the> 
conditions  for  the  deposition  of  sulphides  of  metals  in. 
sedimentary  deposits  generally  require  the  presence  of  organic 
matter,  it  is  not  improbable  that  some  of  the  acids  given  ofi  by- 
such  matter  might  be  such  as  would  dissolve  the  sulphide  of 
manganese.  Thus  there  is  a  possible  reason  why  manganese 
would  not  be  deposited  as  sulphide  under  certain  conditions. 

'^Troilite  has  been  found  onl  j  In  iron  meteorites.  (E.  S.  Dana,  Text  Book  of  Mineralc^n^*^ 
p.  242 ) 

t  Manganese  also  occurs  in  joungite  (Haonaf,  Min.  Mag.  L,  152,  1877)  which  la 
a  sulphide  containing  lead,  zinc,  iron,  and  manganese ;  but  the  composition  of  this  material  is^ 
doubtiul,  and  it  is  considered  by  J.  D.  Dana  (System  of  Mineralogy,  fifth  edition,  Appendix 
III.,  p.  138)  to  be  a  mechanical  mixture. 

X  System  of  Mineralogy,  fifth  edition,  1883,  p.  47 ;  and  Appendix  III.,  p.  3. 

I  When  manganese  Is  precipitated  artificially  as  sulphide  it  is  usually  in  the  form  ol* 
the  moDosuJphide,  in  either  a  hydrous  or  an  anhydrous  form. 
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which  would  cause  the  precipitation  of  sulphides  of  iron  and 
other  metals.  Hence  it  seems  probable  that  the  salphide  has 
rarely,  if  ever^  been  the  original  form  of  anj  considerable  deposits 
of  manganese  ore  laid  down  under  the  Usual  oonditions  of  sedi- 
mentation. 

The  artificial  formation  of  sulphide  of  manganese  (alaband* 
ite)  in  the  laboratory  is  brought  about  most  easily  at  a  high 
temperature.  It  has  also  been  noted  that  when  manganese  in 
the  form  of  spiegeleisen  or  ferro-manganese  is  added  to  molten 
steel  it  bodily  removes  part  of  the  sulphur ;  and  it  is  thought  by 
some  metallurgists  that  a  sulphide  of  manganese  is  formed  and 
carried  into  the  slag.  Percy*  has  suggested  that  this  action  may 
throw  some  light  on  the  origin  in  nature  of  the  mineral 
helvite  which,  according  to  the  formula  of  Rammelsberg,t  is  a 
aulpbide  of  manganese  (including  iron)  with  silicate  of  beryllium 
^nd  manganese  (including  iron  and  calcium).  These  indications 
of  a  more  easy  transition  of  manganese  into  the  form  of  sulphide 
-at  high,  than  at  low  temperatures,  may  have  had  its  influence 
in  the  rarity  of  manganese  sulphides  in  deposits  laid  down  under 
ordinary  conditions,  and  the  occasional  occurrence  of  alabandite 
in  metalliferous  veins,  where  the  temperature  at  the  time  of  de- 
position  may  have  been  high. 

In  many  of  the  silver  deposits  of  the  Rocky  Mountains 
manganese  oxides  occur  with  the  superficial  oxidation  products 
of  the  sulphides  of  other  metals,  and  it  has  often  been  suggested 
that  manganese  also  was  originally  in  the  sulphide  form.  This 
may  sometimes  be  true,  but  it  has  not  been  proved ;  while  in 
other  cases,  notably  at  Butte  City,  Montana,  when  the  level  is 
ceached  at  which  the  lead,  zinc,  iron,  and  other  metals  pass  into 
sulphides,  the  manganese  passes  into  carbonate  and  silicate. 

Deposition  as  silicate, — Iron  is  sometimes  deposited  at  ordi- 
nary temperatures  as  the  silicate  known  as  glauconite,  but  man- 
ganese has  not  been  found  in  a  similar  form.     Glauconite  is  an 
olive-green  mineral,  and  is  essentially  a  hydrous  silicate  of  iron 
-and  potash  containing  variable  amounts   of  alumina,  magnesia, 

<■  M eUllurgj ;  Iron  and  Steel,  London,  1864. 

t  Haadbuch  der  Mineralchemie,  second  edition,  1875,  p.  460. 
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and  other  ingredients.  It  occurs  in  spherical  or  globular  graina 
which  often  form  beds  of  considerable  thickness  in  various 
geologic  horizons.  The  grains  are  supposed  by  some  to  repre- 
sent fossil  casts,  and  to  have  been  formed  by  the  combination  of 
iron  and  potash  with  the  silica  from  minute  sponges  which  grew 
in  the  fossil  cavities  in  which  glauconite  was  subsequently  formed. 
Though  manganese  commonly  exists  as  various  silicates  in 
the  metamorphic  rocks  as  well  as  in  many  mineral  veins,  and< 
possibly  also  in  the  products  of  secondary  alteration  of  other 
manganese  minerals,  yet  it  is  not  laid  down  in  ordinary  sedi- 
mentary deposits  in  that  state,  and  as  yet  no  manganese 
compound  corresponding  in  form  and  mode  of  deposition  to 
glauconite  is  known. 

CONDITIONS  OF  DEPOSITION   OF   MANOANBSB. — GenercU  atatement^ . 

It  has  been  shown  how  manganese  is  taken  into  solution 
during  the  decay  of  the  crystalline  rocks  and  in  what  forms  it  is 
deposited  again.    It  now  remains  to  show  under  what  conditions . 
this  deposition  takes  place,  in  other  words,  what  stimulating 
causes  bring  about  precipitation. 

The  solutions  containing  manganese  begin  to  deposit  their 
burden  as  soon  as  they  are  exposed  to  the  oxidizing  influences  of 
the  atmosphere.  Thus  the  springs  already  mentioned  on  page 
651  form  a  manganiferous  sinter  almost  as  soon  as  they^ 
issue  from  the  ground,  and  this  deposition  continues  along  the 
courses  of  the  outlets  of  the  springs  and  the  streams  into  which 
the  springs  drain,  until  the  excess  of  mineral  matter  is  laid  down; 
hence  the  coating  of  manganese  oxide'  on  river  pebbles.  (See 
page  552.)  The  water  during  this  kind  of  deposition,  however,, 
is  rapidly  moving  onward  and  no  considerable  amount  of  ore 
is  laid  down  in  any  one  place. 

When  the  metalliferous  waters  reach  a  more  or  less  com- 
pletely enclosed  basin,  however,  such  as  a  lake,  bog,  or  coastal 
lagoon,  their  motion  is  impeded  and  they  move  sluggishly 
toward  the  outlet,  thus  allowing  the  oxidation  and  the  resulting 
precipitation  of  a  considerable  part  of  their  contents  over  local 
areas.     The  nearer  such  basins  are  to  the  source  of  the  tributary 


•558  ANNUAL  REPORT  STATE  GEOLOGIST. 

waters,  other  things  being  equal^  the  more  of  the  metalliferoas 
precipitates  they  will  receive,  as  less  will  be  lost  in  the  ioter- 
^ening  distance. 

The  manganese  which  escapes  precipitation  in  these  basins, 
or  that  of  waters  which  have  not  passed  through  such  basins,  is 
carried  on  to  the  ocean,  becomes  greatly  diluted  with  the  sea  water, 
and  is  deposited  only  when  the  local  conditions  are  such  as  to 
brin^  about  precipitation. 

Hence  three  classes  of  manganese  deposits  may  be  dis- 
tinguished: (1)  those  laid  down  at  springs  and  in  rivers;  (2) 
those  laid  down  in  local, enclosed  basins;  (3)  those  laid  down  on 
the  sea  floor. 

<X)NDITI0N8  OF   DEPOSITION   OF   MANGANESE. — In  springs  and 

rivers. 

The  deposition  of  manganese  at  the  outlets  of  springs  and 
along  rivers  has  already  been  described  (pages  551—552)  and 
does  not  require  further  mention.  Ore  deposited  in  this  way  is 
rarely  accumulated  in  commercially  important  quantities. 

CONDITIONS    OF    DEPOSITION  OF   MANGANESE. — In  loCcU    bosins. 

The  manganiferous  contents  of  waters  draining  into  shallow 
and  more  or  less  confined  basins,  such  as  bogs,  lakes,  or  coastal 
lagoons,  are  rapidly  oxidized,  and  as  much  manganese  is  precipi- 
tated as  the  intensity  of  the  local  oxidizing  agencies  can  cause' 
In  some  cases  the  solutions  are  concentrated  by  evaporation,  and 
thus  a  further  precipitation  is  produced  than  would  otherwise 
take  place.  The  ore  is  laid  down  either  as  carbonate  or  as  oxide, 
the  form  being  determined  by  the  local  conditions  of  each  area, 
:as  explained  on  pages  550-554. 

Instances  of  deposition  in  shallow  basins  are  seen  in  the 
manganiferous  spathic  ores  of  the  Coal  Measures  and  of  some  of 
the  older  rocks,  in  the  ferruginous  oxides  of  manganese  sometimes 
found  in  the  low  coastal  area  of  the  Atlantic  states,  and  in  many 
•deposits  of  bog  manganese  overlying  the  crystalline  rocks  in  the 
northern  states  and  in  Canada.  The  manganese  deposit  in  the 
^calcareous  tufa  near  Golconda,   Nevada,  (see  pages  469-476.) 
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>nras  also  probably  formed  in  a  small,  and  more  or  less  completely 
enclosed  basin. 

One  of  the  great  iron  and  manganese  horizons  of  the  Appa- 
lachians occurs  between  the  Cambrian  sandstone  and  the  over- 
lying limestone,*  and  is  often  associated  with  micaceous  schist 
-or  hydromica  slate.  J.  D.  Dana,t  in  describing  the  ores  of  this 
he\t,  supposes  that  during  the  change  of  conditions  of  deposition 
from  the  schist  to  the  limestone  there  was  a  time  of  long  con^ 
tinned  marshes,  and  that  in  these  marshes  the  ores  were  deposited. 
Sometimes  the  schist  horizon  is  represented  by  fine  grained 
'Earthy  sandstone;  and  both  rocks  indicate  a  condition  of  quiet 
water  during  sedimentation,  strongly  contrasted  with  the  more 
rapidly  moving  conditions  which  accompanied  the  deposition  of 
the  coarser  sandstone  below.  If  it  is  granted  that  the  ore  was 
laid  down  in  marshes  and  coastal  lagoons,  all  the  conditions  nec- 
essary for  the  deposition  of  the  oxides  and  carbonates  of  iron  and 
manganese,  and,  in  some  cases,  the  sulphide  of  iron  would  be 
fulfilled. 

It  seems  probable  that  a  large  number,  if  not  most  of  the 
workable  deposits  of  manganese  in  America  were  laid  down  in 
local  basins  by  the  processes  just  described.  In  some  cases, 
however,  noticeably  in  the  deposits  in  the  Lower  Carboniferous 
limestone  of  Canada,  there  are  evidences  of  a  deposition  on  the 
«ea  floor, 

<X)NDITIONS  OF   DEPOSITION  OF   MANGANESE. —  On   the  seafloov. 

General  statement. — It  is  a  simple  matter  to  account 
for  the  deposition  of  manganese  in  local,  enclosed  basins  where 
the  metalliferous  solutions,  being  only  a  comparatively  short  dis- 
tance from  the  source  of  supply  of  their  mineral  contents  and 
not  having  mixed  with  any  great  volume  of  water  less  rich  in 
metalliferous  matter,  are  in  a  more  or  less  concentrated  form. 
When  these  solutions  once  reach  the  open  sea,  however,  they  be- 
come greatly  diluted  and  the  precipitation  of  the  mineral  matter 

*        ! 

*Thl8  atatement  must  not  b«  understood  to  mefto  that  all  th«  Appalachian  menganese 
<4epo8it8  which  are  in  the  area  of  sandstone  or  quartziie  ar«  necesearily  of  this  horison.  Some 
iwTe  been  prored  to  be  so,  others  hare  not  yet  been  determined.    (See  pages  876-879.) 

t  Amer.  Jour.  Sci.,  8d  series.,  Vol.,  XIV.,  1877,  p.  189. 
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requires  the  action  of  other  a^^ents  in  addition  to  those  that  have^ 
caused  precipitation  in  local  basins.     It  has  been  shown  (pages. 
550-557)   that  most,  if  not  all,  bedded  deposits  of   manganese 
ore  were  laid  down  as  either  carbonate  or  oxide,  and  therefore  the 
precipitating  agents  must  explain  its  deposition  in  those  forms^ 
and  not  as  sulphide  as  might  be  the  case  with  iron. 

Precipitation  by  carbonate  of  lime. — It  has  been   suggested 
that  carbonate  of  lime,  in  the  form  of  calcareous  sediments  on  the 
sea  floor  or  during  its  passage  through  the  sea  water,  has  acted 
as  an  arresting  agent  for  many  metalliferous  deposits,  by  a  simple 
process  of  replacement  of  the  carbonate  of  lime  and  the  substitu^ 
tion   of    the    different   materials   in    question.     To    a    certain 
extent  this  might  be  applied  to  manganese,  as  it  is  a  noticeable 
fact  that  those  manganese  deposits  which  exist^n  associations  in<- 
dicating  an  open  sea  sedimentation,  often  accompany  limestones 
or  calcareous  shales. 

Manganese  exists  in  small  amounts  in  almost  all  limestones,, 
but  it  is  only  in  rare  cases  that  it  forms  deposits  of  economic 
value.     Even  in  the  limestones  where  it  exists  in  quantities  it  is 
of  very  irregular  distribution,  sometimes  characterizing  the  rock 
over  considerable  areas,  at  other  times  almost  entirely  disappear- 
ing or  existing  only  as  a  small  trace.     On  a  calcareous  sea  floor, 
on  which  little  or  no   mechanical  sedimentation   was  going:  on,, 
the  long  continued   action  of  the  extremely  dilute  solution  of 
manganese  compounds,  might  gradually  cause  a  considerable  re« 
placement  of  carbonate  of  lime  by  carbonate  of  manganese,  and 
thus  produce  considerable  deposits  of  manganese  ore.     Such  an 
action  is  not  at  all  impossible,  but  if  it  had  gone  on  unaffected 
by  any  other  influences,  the  ore  would  be  expected  to  be  evenly 
distributed  over  large  areas  of  limestone.     This,  however,  as 
just  stated,  is  not  the  case>  and  manganese-bearing  parts  of  the 
limestone  are  frequently  separated   by  several    or  even    many 
miles  of  limestone  containing  practically  no  ore. 

If  the  ore-bearing  ai*eas  were  comparatively  close  together,  it 
might  be  supposed  that  segregation  had  caused  the  unequal  dis- 
tribution of  the  manganese,  but,  though  segregation  may  often 
have  had  a  certain  influence  over  local  areas,  yet  in  many  places. 
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the  intervening  distance  is  so  great  and  the  other  conditions  are 
such,  that  the  action  of  segregation  alone^  unassisted  by  other 
agencies^  could  not  have  caused  the  localization  of  the  deposits. 

Hence   it   becomes   necessary   to  find^  in   addition  to   any 
possible  action   that  limestone   may  produce^  some  local  stimu- 
lating  cause  to   explain   the   unusual   precipitation   in  special 
localities. 

Precipitation  by  marine  plants. — It  has  been  suggested  iiv 
the  case  of  the   deposition  of  iron  that  a  cause   of  localiza- 
tion   existed     in    the    presence    of    seaweeds    on     the     sea 
floor.     These  often  contain  considerable  quantities  of  iron  as  one 
of  their  inorganic  constituents,  and  when  they  decompose^  their 
mineral  contents  are  laid  down  with  the  other  sediments  forming; 
in    that  place,   thus  giving  rise  to  more  or  less  ferrugin  )us 
deposits.      It  is  possible  that  a  similar  cause  may  in  some  cases- 
have  brought  about  a  deposition  of  manganese.      This   metal, 
however,    enters    into   the    composition    of  plants    in      much 
smaller    quantities   than  iron,   and  it    is  as  yet   uncertain    to 
what  extent  marine  plants  may   have  ^caused   its  deposition.^ 
In  several  cases,  however,  its  presence  has  been  detected,  and 
Maumen^t  states   that  it  exists  in  the  seaweed  Fucus  aerratua. 
Professor  Goodale  %  also  describes  its  existence  in  the  aquatic 
plant  known  as  Trapa  natana. 

Precipitation  by  a  local  increase  in  the  supply  of  manganese  on 
the  sea  floor. — In  view  of  the  fact  that  no  adequate  precipitating 
agent  presents  itself  to  explain  the  deposition  of  considerable 
beds  of  manganese  from  the  very  dilute  solutions  in  the  sea 
water,  it  becomes  necessary  to  suppose,  at  least  in  most  cases^ 
that  there  was  a  local  source  of  manganese  on  the  sea  floor 
greater  in  some  places  than  in  others.  Three  possible  sources 
for  this  local  supply  suggest  themselves : 

"^  Further  difficulties  with  this  mode  of  localization  of  manganese  are  mentioned  oq 
page  563. 

t  E.  Moumeni^,  Comptes  rendus  de  1' Acad,  des  sci.,  t.    XOVIII    1884,  p.  1417. 
I  Gray's  Botanic il  Text  Book,  Vol.  II.,  Physiological  Botany,  George  L.  Goodale,, 
p.  256. 

36  Geulogical,  Vol.  1.,  1890. 


\ 


662  ANNUAL  REPORT  STATE  GEOLOaiST. 

(1)  An  excels  of  manganese  in  solution  in  certain  areas  of 
the  sea. 

(2)  The  presence  of  manganese  in  the  mechanically  sus- 
pended materials  carried  down  from  the  land  to  the  sea. 

(3)  Igneous  materials  thrown  into  the  sea,  either  in  the 
form  of  ejections  from  submarine  vents,  or  of  volcanic  ash  and 
dust  from  subaerial  volcanoes. 

(1)  As  regards  the  first  possible  source  of  a  local  excess  of 
mineral  matter,  it  may  be  said  that  Professor  Chamberlin  sup- 
per s  such  an  action  to  have  taken  place  in  the  formation  of  the 
leatl  ores  of  Wisconsin.  In  describing  the  process  by  which 
certain  oarts  of  the  sea  water  \^ere  made  richer  than  others  in 
metalliferous  solutions,  he  says*:  "If  any  portion  of  the  land 
surface  yields  more  richly  than  elsewhere  to  the  ocean,  the 
waters  of  that  portion  will  necessarily  become  richer  in  metallic 
salts.  As  such  contributions  are  made,  year  after  year,  and 
century  after  century,  they  will  presumably  follow  each  other  in 
A  common  course,  borne  by  oceanic  currents,  and  be  brought 
within  reach  of  depositing  agencies  in  the  same  areas,  being  thrown 
down  when  iirst  they  came  in  contact  with  a  competent  reagent. 
Viewed  in  this  light,  in  contradistinction  from  t»he  idea  of  an 
ocean  throughout  which  the  metalliferous  substances  are  uniform- 
ly diffused,  the  fact  of  localization  is  a  necessary  inference, 
instead  of  being  a  phenomenal  enigma.'' 

Chamberlin  ascribes  the  precipitation  of  the  lead  ores  partly 
to  a  process  of  segregation  by  marine  plants  and  animals,  similar 
to  that  already  mentioned  for  seaweeds  on  page  561,  and  partly, 
to  a  powerful  precipitating  agent  in  the  form  of  soluble 
sulphides  derived  from  the  decay  of  this  organic  matter. 
The  local  excess  of  lead  in  solution  is  proposed  only  to  explain 
the  deposition  of  the  ore  in  one  place  and  its  absence  in  another, 
when  equally  favorable  precipitating  agents  may  have  existed  in 
both  places.  He  supposes  the  ore  to  have  been  deposited  as 
sulphide,  in  a  finely  disseminated  state  in  the  limestone  which 
was  forming  at  the  same  time,  and  to  have  been  subsequently 
segregated  in  crevices. 

<•  T.  C.  Chamberlin,  Geology  of  Wisconiin,  1873-79,  Vol.  IV.,  p.  631. 


THE  ORIGIN  AND  CHEMICAL  RELATIONS  OP  MANGANESE  DEPOSITS.     563 

A  local  excess  of  manganese  might  be  supplied  in  the  sea 
water  in  a  manner  similar  to  that  suggested  by  Professor 
Chamberlin  for  lead,  but  in  explaining  the  deposition  of  the  ore  the 
"Same  difficulty  is  encountered  as  that  already  mentioned,  that  is^ 
the  lack  of  a  suitable  precipitating  agent.  The  theory  of  the 
precipitation  as  bulphide  is  applicable  to  lead  and  many  other 
metald,  and  even  in  the  case  of  manganese  it  is  not  impossible 
that  small  quantities  of  sulphide  might  be  formed,  *  but  in  the 
large  sedimentary  deposits  of  manganese  there  is  no 
evide'uce  that  the  ore  was  originally  in  the  sulphide  form.  (See 
pages  554-556.)  Here  again,  in  some  places,  carbonate  of  lime 
on  the  sea  floor  may  have  acted  as  a  precipitating  agent  and  may 
have  caused  local  deposits,  but  as  yet  the  evidence  as  to  what 
extent  this  action  may  have  taken  place  is  wanting.  It  may  be 
mentioned,  however,  that  the  manganese  ores  of  the  Lower  Car- 
4)oniferous  limestone  of  New  Brunswick  and  Nova  Scotia, 
frequently  contain  fossil  casts  which  have  been  more  or  less  com- 
pletely converted  to  manganese  ore.  Such  ore  is  often  highly 
calcareous  and  has  the  appearance  of  being  a  fossiliferous  lime- 
stone in  which  the  carbonate  of  lime  has  been  partly  replaced  by 
manganese.  Elsewhere  in  the  same  region,  however,  nodules 
and  layers  of  ore  are  found  in  a  state  of  great  purity  and  appar- 
ently free  from  organic  remains.  Some  of  these  pure  deposits 
have  been  formed  by  the  solution  and  re-deposition  of  the  man- 
ganese (see  pages  531-538),  but  others  seem  to  occupy  the 
same  position  in  which  they  were  originally  laid  down,  f 

(2)  As  regards  the  second  possible  cause  of  a  local  excess 
of  manganese  on  the  sea  floor,  that  is,  the  presence  of  manganese 
in  the  mechanically  suspended  materials  carried  down  from  the 
land,  there  seems  to  be  a  possibility  that  it  may,  in  some  cases, 
have  played  a  small  part  in  the  accumulation  of  manganese  de- 
posits. The  manganese  might  be  either  in  the  form  of  particles 
of  oxide  which  had  so  far  escaped  solution,  or  of  small  fragments 

<■  It  has  been  suggested  by  Chamberlin,  (Oeologj  of  Wisoonsin,  Vol.  IV.,  1878-79,  p.  891) 
that  the  small  quaatiiie:!  of  oxide  of  manganese  now  found  with  the  lead  ores  maj  hare  been 
originally  in  the  sulphide  form. 

t  The  various  views  on  the  origin  of  Canadian  manganese  deposita  «re  discussed  on  pages 
-567-568. 
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of  the  as  yet  undecayed  eilicate.  A  subsequent  decompositioi> 
of  the  latter  would  give  rise  to  oxide  of  manganese,  which  would 
be  taken  into  solution  and  segregated  in  the  form  of  carbonate  or 
possibly  in  some  cases  as  oxide.  Manganese  oxides,  however^ 
are  so  rapidly  taken  into  solution  by  acidulated  surface  waters,, 
and  the  silicates  are  so  readily  converted  to  oxides,  that  the 
supply  of  manganese  in  the  form  of  mechanical  sediments  has 
probably  not  played  any  important  part  in  the  formation  of 
deposits  of  manganese  ore. 

(3)  The  third  possible  source  of  a  local  excess  of  mangan- 
ese on  the  sea  floor,  that  is,  a  supply  of  igneous  materials  thrown 
into  the  sea,  seems  in  some  cases  to  have  played  a  part  in  the^ 
formation  of  manganese  deposits. 

Igneous  rocks  contain  manganese  mostly  in  the  form  of 
silicates,  which,  when  exposed  on  the  surface  to  atmospheric- 
influences,  decay  in  the  same  way  as  those  in  all  crystalline  rocks 
(see  pages  546-548),  and  give  up  any  manganese  that  they  may 
contain.  This  is  dissolved  by  surface  waters  and  the  metalliferous 
solutions  are  carried  off  in  the  manner  already  described  on  page 
547.  When,  however,  igneous  materials  are  thrown  into  the  sea 
from  submarine  vents,  or  when  volcanic  ash  from  subaerial  volca- 
noes falls  into  the  sea,  there  may  exist  a  ready  source  for  the  local 
accumulation  of  manganese.  If  the  igneous  material  were> 
thrown  into  the  water  directly,  it  would  undergo  a  very  rapid 
decomposition  and  an  equally  rapid  liberation  of  the  metallic 
oxides ;  if  it  were  in  the  form  of  ash  or  dust  from  subaerial  vol- 
canoes, the  decay  would  be  slower,  but  would  eventually  supply 
very  considerable  quantities  of  metallic  salts.  The  collection 
and  segregation  of  these  decomposition  products  on  the  sea  floor 
might  readily  give  rise  to  considerable  deposits  of  manganese 
ore.  How  important  this  cause  of  local  accumulation  may  have 
been  in  the  past  is  uncertain,  but,  judging  from  the  indications 
at  the  present  time,  there  seems  to  be  reason  to  suppose  that  it 
may  occasionally  have  been  an  effective  one. 

The  explorations  of  the  sea  bottom  made  during  the  voyage 
of  the  Challenger,  and  other  later  expeditions,  have  shown  a 
remarkable  distribution  of  manganese  oxide  which,  it  has  been 
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isuggested,  may  have  been  derived  from  the  decay  of  igneous 
materials  on  the  sea  floor.  The  manganese  occurs  *  as  peroxide 
in  grains,  concretions,  nodules,  or  aggregations,  varying  from 
microscopic  particles  to  masses  several  inches  in  diameter.  It 
is  found  most  abundantly  in  the  deep-sea  clays^  but  it  also 
occurs  at  all  depths  over  500  fathoms.  It  is  especially  plentiful 
in  the  Globigerina  and  Radiolarian  ooze;  and  when  in  the  form 
of  microscopic  pellets,  it  gives  the  clay  or  mud  a  characteristic 
^eep  cholocate  color.  It  is  usually  found  incrusting  or  filing 
the  cavities  of  organic  remains,  such  as  shark's  teeth,  shells, 
sponges,  corals,  etc.  In  places  the  sea  bottom  and  everything  on 
it  is  coated  with  manganese.  Murray  describes  a  number  of 
<lifferent  forms  of  deposition  : 

(1)  Nodules  of  a  blackish-brown  color  throughout  and 
-composed  of  concentric  layers,  as  shown  by  the  presence  of  films 
of  red  clay. 

(2)  Concentric  layers  of  manganese  oxide  surrounding  a 
nucleus  of  pumice.  Sometimes  the  pumice  is  deeply  impregnated 
or  ev^u  completely  replaced  by  manganese.  Pieces  of  bone 
also  sometimes  form  a  nucleus  and  are  often  replaced  in  the 
same  way.  The  compact  bone  of  the  tympanies  of  cetaceans 
appear  not  to  be  altered  so  rapidly  as  other  bones,  and  hence  the 
pos-^ible  cause  of  the  great  abundance  of  the  former  in  many 
locilities. 

(3)  Concentric  layers  of  manganese  oxide  surrounding 
shark's  teeth  (from  one  to  four  inches  across  the  base)  in  an  in- 
crustation sometimes  nearly  an  inch  thick.  A  siliceous  sponge 
i^Farrea)    was  found  imbedded   in  a  crust   of  manganese  oxide 

two  inches  thick. 

(4)  Nodules  of  manganese  oxide  containing  in  the  center 
a  ma.«s  of  red  clay,  or  a  mottled  yellow  or  green  substance  with 
agate  bands,  and  containing  Globigerina,  in  which  the  car- 
bonate of  lime  has  been  replaced  by  silicate.  The  yellow  or 
^reen  nucleus  either  cuts  like  cheese,  or  is  hard,  brittle,  and  has 
a  conchoidal  fracture. 


'=' John  Murray,  Proceed.  Roy.  Soc.  London,  Vol.  XXIV.,  pp.  528-539. 
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(6)  Large  flat  aggregations  prc^bably  representiug  harden- 
ed parts  of  the  sea  bottom. 

(6)  The  Globigerina  shells  and  Radiolaria  are  sometimea 
covered  by  specks  of  maDganese  oxide.  In  the  former  the  mao-^ 
ganese  is  deposited  in  the  substance  of  the  shell. 

(7)  Southwest  of  the  Canary  L^iands,  at  a  depth  of  from 
1^100  to  1,575  fathoms^  there  were  found  large  pieces  of  a 
branching  Gorgonoid,  deeply  coated  and  impregnated  with  man- 
ganese. 

(8)  In  670  fathoms,  off  the  Desertas,  dead  shells,  pieces  of 
coral,  Polyzoa,  etc.,  were  coated  with  a  film  of  peroxide  of  man-- 
ganese.     The  same  thing  was  observed  in  shallower  water. 

(9)  In  some  of  the  layers  of  Radiolarian  ooze  and  in  other 
deposits,  manganese  was  found  to  be  abundant  and  rare  in* 
alternate  strata. 

The  localities  in  which  manganese  was  found  most  plenti*' 
fully  were :  off  the  Canary  Islands;  in  the  Mid-Atlantic  between 
the  Canary  and  Virgin  Islands;  southwest  of  Australia;  north 
and  south  of  the  Sandwich  Islands ;  north  of  Tahiti ;  and  in  the 
South  Pacific  in  the  course  between  Tahiti  and  Valparaiso. 

Sir  C.  Wyville  Thomson  *  in  describing  manganese  nodulea 
dredged  up  during  the  Challenger  Expedition,  on  the  trip 
between  the  Bermudas  and  Madeira,  at  a  depth  of  about  2,850 
fathoms,  says :  "  The  concretionary  masses  to  which  the 
barnacles  adhered  were  irregular  in  form  and  size.  One,  for 
example,  to  which  a  large  Scalpellum  was  attached,  waa 
irregularly  oval  in  shape,  about  three  centimeters  in  length  and 
two  in  width.  The  surface  was  mammillated  and  finely  granu- 
lated, and  of  a  dark  brown  color,  almost  black.  A  fracture 
showed  a  semi-crystalline  structure;  the  same  dark  brown 
material  arranged  in  an  obscurely  radiating  manner  from  the 
center^  and  mixed  with  a  small  quantity  of  grayish-white  clayey 
matter.  This  nodule  was  examined  by  Mr.  Buchanan,  and 
found  to  contain,  like  the  nodule  dredged  in  2,435  fathoms  at 
Station  XVI.,  700  miles  to  the  east  of  Sombrero,  a  large  per- 

*  Th«  Atlantic,  a  preliminary  account  of  the  general  results  of  the  exploring  vojage  ot 
the  H.  M.  8.  Challenger  during  the  year  1878,  etc,,  Vol.  II.,  pp.  14-15. 
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centage  of  peroxide  of  mangauese.  Some  other  concretionary 
lumps  were  of  a  gray  color,  but  all  of  them  contained  a  certain 
proportion  of  manganese,  and  they  seemed  to  be  gradually 
changing  into  nodules  of  pyrolusite  or  wad  by  some  process  of 
infiltration  or  substitution/' 

Murray  states*  that  copper,  cobalt,  nickel,  and  iron  are 
found  in  some  sea  bottom  clays,  suggesting  meteoric  or  cosmic 
dust  in  these  deposits.  He  also  shows  that  the  great  numbers 
of  tympanic  bones  and  other  animal  remains  on  certain  parts 
of  the  sea  floor,  as  well  as  the  deposition  of  manganese,  which 
he  supposes  to  be  a  very  slow  process,  represent  the  accumu- 
Jation  of  ages  in  an  area  where  mechanical  sedimentation 
has  been  very  slow  or  totally  inactive.  He  suggests  the 
possibility  of  manganese  being  found  most  plentifully  where 
large  quantities  of  augitic  lava  occur.  The  manganiferous 
silicates  in  such  lava  might  readily,  by  their  decomposition, 
supply  materials  for  the  incrustations  of  oxide  of  manganese.. 

It  has  been  suggested  by  Sir  William  Dawsonf  that  the 
manganese  deposits  in  the  Lower  Carboniferous  marine 
limestone  of  Nova  Scotia  may  have  been  derived  from  the 
decomposition  of  the  debris  of  the  contemporaneous  igneous 
vents  which  produced  the  traps  of  that  period. 

Mr.  E.  Gilpin,  Jr.,J  recognizes  this  same  source  of  man- 
ganese as  possible  in  the  Nova  Scotia  deposits,  and  also  sug- 
gests the  possibility  of  an  additional  source  from  the  older 
strata  bordering  the  Carboniferous  sea. 

Mr.  G.  F.  Matthew,  of  the  Geological  Survey  of 
Canada,  in  a  letter  kindly  written  in  answer  to  inqui- 
ries by  the  writer,  has  also  suggested  a  source  from  igneous 
materials  for  the  manganese  deposit  in  the  Lower  Carbon- 
iferous limestone  at  Markhamville,  New  Brunswick.  He 
recognizes  the  possibility  of  a  deposition  and  segregation 
of  the  manganese  in  a  manner  analogous  to  that  at  preheat 
known  to  be  going  on  in  many  ocean  bottoms,  though  it  was 
laid  down  in  shallower  water   than  many   of  the    modern 

<•  Proceed.  R07.  Soc.,  Loadoa,  Vol.  XXIV.,  p.  532. 
tAcadian  Geology,  supplement  to  second  edition,  p.  51. 
I  Trans.  R07.  Soc.  Canada,  Maj  22, 18S4,  p.  18. 
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deposits.  Ill  support  of  this  possible  source  from  igneous 
materials,  he  points  out  the  fact  that  dolerite,  felsite,  and  trap 
are  found  around  the  Carboniferous  basin  of  New  Brunswick, 
especially  on  the  northern  side. 

It  seems  possible  that  a  certain  amount  of  manganese 
might  be  afforded  by  the  vapors  from  igneous  vents.  It  is  a 
well  known  fact  in  the  metallurgy  of  manganese,  that  in  smelt- 
ing the  ores  of  that  metal,  a  noticeable  quantity  of  it  appears 
to  be  volatilized.  This  conclusion  is  arrived  at  by  the  fact  that 
not  only  do  the  analyses  of  the  slag  and  the  reduced  metal 
«how  a  total  of  manganese  less  than  that  in  the  original 
-charge  of  the  furnace,  but  also  that  the  gases  which  pass  oft 
are  found  to  contain  a  very  noticeable  percentage  of  that  in- 
gredient. P.  Jordan*  shows  that  in  the  manufacture  of 
ferro  manganese  at  the  St.  Louis  furnaces  near  Marseilles, 
France,  often  as  much  as  10  per  cent  of  the  manganese  can 
not  be  accounted  for  either  in  the  cast  metal,  in  the  slag,  or 
in  the  dust  mechanically  carried  out  by  the  gases  from  the 
furnace.  He  also  shows  that  an  analysis  of  the  gas  proves 
the  presence  of  manganese,  that  the  gas  often  has  a  rose 
•color,  and  that  it  deposits  on  the  surrounding  objects  an  in- 
crustation containing  a  considerable  proportion  of  mangan- 
ese. From  these  and  other  facts  he  concludes  that  the 
manganese  which  is  lost  in  the  furnace  is  volatilized;  and  he 
further  strengthens  this  supposition  by  showing  that,  when 
ferromanganese  is  fused  in  crucibles  at  high  heats,  the  same 
loss  in  manganese  takes  place. 

The  different  chemical  forms  which  manganese  might 
have  under  conditions  of  volatilization  from  a  volcano  are 
:€omewhat  uncertain,  but  it  is  possible  that,  if  submarine 
volcanoes  should  throw  off  such  gaseous  materials,  a  certain 
quantity  of  manganese  might  then  be  supplied  to  the  sea 
water,  and  threugh  its  medium  to  the  sediments  on  the  sea 
floor.  This  might  also  account  for  manganese  in  some  ocean 
sediments  where  no  visible  volcanic  debris  is  present. 

In  conclusion  it  may  be  said  that  the  formation  of  large 

* 

■^CompUs  rendus  de  I'Acad.  des  sci.,  t.  LXXXVI .  1878,  pp.  1874-1877. 
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deposits  of  manganese  ore  on  the  sea  floor  by  any  or  all  of 
the  methods  already  described^  is  probably  a  mnch  rarer 
process  than  the  deposition  in  local  basins.  There  is  un- 
doubted evidence  that  an  important  deposition  is  at  present 
in  progress  on  many  sea  floors,  and  the  general  opinion^  as 
already  cited,  of  those  who  have  studied  the  deposits  in  the 
Lower  Carboniferous  limestone  of  New  Brunswick  and  Nova 
Scotia,  seems  to  be  that  these  also  represented  an  ocean 
water  sedimentation.  In  mp,ny  other  places,  however,  es- 
pecially in  some  of  the  most  important  localities  in  the 
United  States,  there  seems  to  be  reason  to  suppose  that  the 
deposition  of  the  ore  took  place  in  local  basins.  These 
basins  were  probably  often  in  the  form  of  coastal  lagoons 
and  possibly  in  some  places  represented  simply  coastal  shoals, 
J.  D.  Dana  suggests  such  a  mode  of  origin  for  one  of  the 
most  important  ore  belts  in  the  Appalachian  Mountains 
(see  page  559),  and,  as  shown  later  in  this  chapter,  there  seems 
to  be  reason  to  suppose  that  the  deposits  of  the  Batesville 
region  of  Arkansas  had  a  somewhat  similar  origin. 

THE  ASSOCIATION  AND  SEPARATION  OF   MANGANESE  AND   IRON. 

General  statement. — One  of  the  most  noticeable  features 
of  manganese  deposits  is  the  almost  invariable  presence  of 
iron.  Sometimes,  in  fact,  iron  forms  by  far  the  larger  part 
of  the  deposit,  and  manganese  occurs  only  as  a  subordinate 
constituent.  Nowhere  is  this  association  seen  better  than  in 
the  manganese  and  iron  deposits  at,  or  near  the  contact  of  the 
-quartzite*  and  the  overlying  limestone  and  shale  on  the 
northwestern  flanks  of  the  crystalline  rocks,  from  the  Green 
Mountains  of  Vermont  to  the  Blue  Eidge  of  the  southern 
states.  Sometimes  the  two  metals  are  intimately  associated 
in  an  ore  of  more  or  less  homogeneous  composition,  while  at 
other  times  the  manganese  occurs  as  interbedded  layers, 
pockets,  or  nests  in  the  iron  ore;  or  else,  more   rarely,  the 

*  This  quartzite  has,  in  some  cases,  been  referred  to  the  Cambrian  age  and  in  others 
to  Silurian.    The  exact  horizon  of  the  bed  is  not  of  importance  in  the  present  discussion,  as 
'<he  point  which  it  is  desired  to  bring  out  is  that,  whatever  its  age,  it  was  laid  down  near  the 
ilanks  of  the  crystalline  rocks.    For  further  details  concerning  it  see  pages  876-379. 
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two  ores  occur  ia  separate  deposits  ia  diSereat  places  along- 
the  same  ore-bearing  horizon. 

Causes  of  association  of  iron  and  manganese. — It  has  already^ 
been  stated  that  iron  and  manganese  are  generally  derived   from 
the  decay  of  the  same  crystalline  rocks  and  that  they  are  both 
taken  up  in  solution  together  by  acidulated  waters.     As  under 
many  conditions  both  manganese  and   iron  are  precipitated   by 
the  same  influences,  their  frequent  association  is  what  would  be 
expected.     Moreover,  it  is  a  well  known  fact  that  isomorphous^ 
substances  have  a  strong  tendency  to  combine  in  a  homogeneous 
mass  and  to  crystallize  together  in  different  proportions.     Car- 
bonates of  iron  and  of  manganese  are  isomorphous  with  each  other^ 
and  hence  a  possible  cause  of  the  intimacy  of  their  association^, 
such  as  is  seen  in  almo^tt  all  spathic  iron  ores.     The  oxidation  of 
such  an  admixture  would  give  the  common  form  of  an  intimately 
combined  iron  and  manganese  ore. 

Since  there  is  more  iron  than  manganese  in  the  crystalline- 
rocks,  the  surface  waters  draining  from  areas  of  such  rocks,  except 
in  special  cases,  contain  the  metals  in  a  similar  proportion^ 
Hence  the  isomorphous  carbonates  deposited  from  the  solution 
have  a  larger  percentage  of  carbonate  of  iron  than  of  car- 
bonate of  manganese,  and  the  resulting  oxides  contain  the- 
two  metals  in  the  same  proportion,  thus  giving  rise  to  the^ 
common  low-manganese  iron  ores  characteristic  of  the  Appa- 
lachian Valley. 

The  oxides  ofmanganese  and  iron,  however,  are  not  isomor- 
phous, and  therefore  when  they  are  precipitated  together,  as 
in  bog  deposits,  the  association  is  merely  mechanical,  due 
to  the  fact  that  under  certain  conditions  the  oxides  of  both  metala 
are  precipitated  in  the  same  place. 

Causes  of  separation. — When  manganese  and  iron  ores  occur 
as  more  or  less  separate  deposits,  it  becomes  necessary  to  suppose 
the  action  of  influences  difl'erent  from  those  which  cause  the 
deposition  of  both  together,  and  such  influences  are  to  be  found: 
in  the  different  modes  of  precipitation,  under  certain  condi- 
tions, of  the  two  metals. 

Fresenius*  states  that,  atthe  warm  springs  of  Koohbrunnen^ 

*  Jahrb.  dea  Vereins  Naturkunde  in  Hers.  Nassau,  Vol.  VI.,  p.  160  (Bitohol.) 
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at  Wiesbaden,  the  waters,  on  reacliing  the  surface,  first  deposit 
hydrous  peroxide  of  iron,  and  farther  on  carbonates  of  manganese^ 
lime,  and  magnesia.  *  This  not  only  points,  as  suggested  by 
Bischof,  to  the  well  known  fact  that  carbonate  of  iron  is  more 
rapidly  oxidized  than  carbonate  of  manganese,  but  it  also  leads 
to  the  belief  that  the  bicarbonate  or  other  salt  of  iron  in  the 
water  is  more  easily  oxidized  than  the  manganese  salt. 

An  action  somewhat  similar  to  that  described  by  Fresenius* 
readily  explains  the  occurrence  of  iron  and  manganese  ores  in 
distinct,  alternating  beds.  Suppose  the  metalliferous  solution  ta 
be  confined  in  a  shallow  basin:  the  iron,  becoming  oxidized 
on  the  surface,  sinks  to  the  bottom,  possibly  in  some  cases  to  be 
converted  there  to  the  simple  carbonate  by  organic  matter. 
Further  oxidation  precipitates  oxide  or  carbonate  of  manganese 
on  top  of  the  iron.  *A  renewed  supply  of  surface  water  brings, 
more  ^  solutions  of  iron  and  manganese,  or  else  the.  evapor- 
ation of  the  water  in  the  closed  basin  concentrates  the  materials, 
which  have  not  yet  been  precipitated.  In  either  case,  there  is 
a  further  precipitation  of  the  ores. 

This  action  necessitates  the  supposition  of  an  intermittent 
supply  of  metalliferous  solutions,  and  such  a  condition  might 
readily  take  place  in  local  basins,  such  as  coastal  lagoons,  which 
are  often  dependent  for  their  supply  of  water  on  the  changes  of 
season  and  the  sudden  fluctuations  of  the  weather.  In  many 
cases,  however,  the  supply  is  constant,  and  the  deposition  of  both 
iron  and  manganese  goes  on  continuously,  and  so  nearly  at  the 
same  time  that  a  comparatively  homogeneous  mauganiferous. 
iron  ore  is  formed.  By  these  various  conditions  of  deposition^ 
the  series,  so  often  seen  in  the  Appalachian  Valley,  of  iron  ore 
containing  interstratified  beds  and  pockets  of  manganese  ore, 
could  be  produced. 

If  the  waters  from  which  the  precipitation  took  place   were 
moving,  the  iron  and  manganese,  owing  to  the  difference  in  ox- 
idability  as  stated  above,  would  belaid  down  in  different  places^ 

"  Bischof  suggests  that  the  action  described  bf  Fresenias  causes  the  separate  deposit  Iod 
of  manganese  and  iron ;  and  also  that  it  explains  the  occurrence,  in  regions  of  both  oies,  of  the 
largest  deposits  of  manganese  ore  where  the  iron  ore  contains  least  of  that  ingredient^ 
(Elements  Chem.  and  Phys.  Geol  ,  Vol.  III.,  pp.  531-532.) 
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resulting  in  the  formaiioD  of  deposits  of  pure  iron  ore  and  de- 
posits of  pure  manganese  ore,  occupying  different  positions  along 
the  plane  of  the  same  geologic  horizon.  Such  occurrences  are 
seen  in  the  iron  region  of  the  Appalachians,  where  there  are  often 
found,  in  different  places  along  the  same  ore  belt,  deposits  of  iron 
and  deposits  of  manganese  in  positions  similar  with  relation  to 
the  enclosing  rocks. 

These  conditions  of  moving  water  might  also  cause  the 
interslratified  condition  of  the  two  ores  already  described  in  still 
water  deposits:  this  would  result  if  iron  were  deposited  in  a  certain 
place  at  one  time,  and  if  later,  on  account  of  some  increased 
facility  for  oxidation,  iron  were  deposited  before  it  reached  that 
place,  and  the  manganese,  being  less  easily  precipitated,  were 
carried  on  and  laid  down  upon  the  first  deposit  of  iron. 

When  the  two  ores  are  deposited  *in  a  homogeneous 
mass,  as  already  described,  a  sub8ei|uent  separation  might  pos- 
sibly be  brought  about  by  a  process  of  segregation. 

Another  process  of  separation  in  nature  of  iron  and  man- 
ganese might  take  place  by  the  formation  of  sulphide  of  iron. 
It  has  already  been  shown  that  iron  is  sometimes  deposited  as 
sulphide  and  later  oxidized  in  the  same  manner  as  the  carbonate. 
Manganese,  on  the  other  hand,  is  rarely  found  as  sulphide,  and 
there  is  reason  to  think  that  the  sulphide  never  represented  the 
original  form  of  any  large  sedimentary  deposits  of  mangan- 
ese ore.  (See  pages  564-556).  It  seems  probable,  therefore, 
that  from  the  solution  of  iron  and  manganese  derived  from  the 
crystalline  rocks,  the  iron  mighty  where  the  conditions  were 
favorable,  be  precipitated  as  sulphide,  and  the  manganese  carried 
on  in  solution  to  be  deposited  elsewhere  as  carbonate.  Sub- 
tjequ^ntly,  the  oxidation  of  the  ores  would  give  rise  to  oxide 
of  iron  from  the  sulphide,  and  oxide  of  manganese  from  the  car- 
bonate ;  and  the  two  ores,  though  occurring  at  the  same  horizon, 
would  be  separated  by  a  greater  or  less  distance. 

After  the  deposition  of  the  sulphide  of  iron,  the  conditions 

might  change  and  permit  the  deposition  in  the  same  place  of  the 

carbonates  of  iron  and  manganese  together.     This  is  an  easy 

-case  to  imagine,  and  where  such  a  deposit  was  exposed  to  surface 
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iDflueDceS;  the  resulting  product  would  be  oxide  of  iron  from  the 
underlying  sulphide^  and  a  manganiferous  iron  oxide  from  the 
overlying  isomorphous  carbonates ;  hence  another  possible  cause 
of  the  frequent  occurrence  of  interstratified  manganese  ores  and 
manganiferous  iron  ores.  It  is  possible,  also^  that  after  the 
solution  of  iron  and  manganese  had  been  freed  from  the  former 
by  precipitation  as  sulphide,  the  carbonate  of  manganese  might . 
be  carried  on  and  laid  down  on  a  previous  deposit  of  iron 
sulphide,  and  when  such  a  combination  was  oxidized,  the  result 
would  be  interstratified  but  distinct  beds  of  oxide  of  iron  and 
oxide  of  manganese. 

By  supposing  the  iron  sometimes  to  be  deposited  in  sea 
water  as  glauconite,  a  manner  in  which  manganese  is  not  laid 
down  (see  page  557),  a  further  means  of  separation  of  the  twa 
metals  would  be  supplied. 

Thus  by  alternating  the  conditions  of  the  deposition  of 
manganese  and  iron  in  different  forms,  a  great  variety  of 
methods  of  association  and  separation  of  the  two  ores  can  be 
produced. 

SECONDARY     CHEMICAL     AND     PHYSICAL    CHANGES    IN    MANGANSSB. 

DEPOSITS. 

General  statement, — It  has  been  shown  how  the  ores  of 
manganese  were  originally  derived,  how  they  were  transported^ 
and  in  what  forms  and  under  what  conditions  they  were  de- 
posited. By  these  means  the  Paleozoic  and  younger  rocks 
acquired  their  contents  of  manganese,  and  by  the  same  means 
the  formation  of  manganese  deposits  is  going  on  at  the  present 
time.  Rocks  of  later  ages  may  owe  a  part  of  their  manganifer* 
ous  materials  to  the  store  in  the  Paleozoic  or  even  younger  sedi- 
ments. Hunt*  has  shown,  however,  that  iron  is  more  plentiful 
and  more  regularly  distributed  in  the  crystalline  than  in  the  later 
rocks,  where  it  has  become  localized  by  agencies  already 
described,  and  therefore  the  former  rocks  offer  a  much  more 
abundant  and  ready  source  of  supply.  The  same  may  also  be 
said  of  manganese. 

«  T.  Sterrj  Huot,  Chemical  and  Geological  Eaiaya,  1875,  p.  22. 
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In  some  places  the  ores  were  laid  down  without  any  ad- 
mixture of  foreign  materials,  while  in  others  calcareous,  siliceous, 
or  argillaceous  sediments  were  deposited  at  the  same  time.  The 
manganese  contents  of  the  beds  were  largely  chemical  precipi- 
tates ;  the  earthy  materials  were  mechanical  sediments.  The 
predominance  of  one  class  or  the  other,  therefore,  depended  oo 
the  local  conditions  of  deposition  :  where  the  waters  tributary  to 
the  basin  in  which  the  deposits  were  being  laid  down  contained 
metalliferous  solutions,  but  carried  no  materials  in  mechanical 
suspension,  then  beds  of  more  or  less  pure  ore  were  formed; 
where  the  waters  carried  earthy  materials,  these  were  deposited 
with  the  chemical  precipitates. 

Hence  there  may  exist  beds  of  pure  ore,  or  else  beds  of 
limestone,  shale,  slate,  sandstone,  etc.,  containing  manganese  in 
a  finely  disseminated  state  and  in  greater  or  less  quantities. 
Later  segregation  has  sometimes  collected  the  disseminated  ore 
and  formed  comparatively  pure  metalliferous  deposits. 

The  chemical  changes  which  have  gone  on  in  manganese  de- 
posits since  their  original  deposition  and  segregation,  vary  greatly 
in  diflferent  places,  and  depend  largely  on  the  original  condition 
of  the  ore  and  the  enclosing  rock,  and  on  the  influences  that  have 
been  brought  to  bear  on  the  deposits  since  their  formation.  For 
this  reason  the  changes  have  been  discussed  in  connection  with 
the  occurrence  of  the  ores  in  each  special  region,  and  the  reader 
is  referred  to  the  foregoing  chapters  of  this  report  for  further 
details*.  The  present  treatment  will  be  more  of  the  nature  of  a 
summary  of  the  results  reached  than  a  repetition  of  what  has 
already  been  discussed. 

Decay  of  the  manganese-bearing  rocks. — Decomposition  has, 
in  many  places,  aflected  the  ore-bearing  strata  and  has  converted 
them  into  clay,  which  often,  though  not  always,  carries  the  ore 
in  the  same,  or  nearly  the  same  form  in  which  it  originally 
existed  in  the  rock,t 

<■  For  the  secondarj  chaDgea  in  the  Batesrllle  region  aee  chapter  VIII. ;  in  toath- 
weatern  Arkanaaa,  pp.  825^26  ;  in  the  Appalachian  region,  pp.  385-388  ;  in  Texaa,  pp.  437- 
439;  in  the  Bockf  Mountains,  p.  453;  in  Nova  Scotia,  pp.  631-588. 

t  In  places,  however,  secondary  chemical  action  has  considerablj  altered  the  mode  of 
Occurrence  of  the  ore,  as  explained  later  in  this  chapter. 
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The  manganese-bearing  belt  of  the  Appalachian  Valley, 
extending  intermittently  from  northern  Vermont  to  Georgia, 
represents  such  a  deposit.  The  Batesville  manganese  region  of 
northern  Arkansas  also  represents  a  similar  occurrence.  In  the 
latter  region,  however,  the  original  rock  was  horizontal  or  almost 
80,  while  in  the  Appalachians  the  rocks  stood  at  high  angles; 
hence  the  products  of  decay  differ  considerably  in  their  mode  of 
occurrence  in  the  two  regions :  while  in  the  Batesville  region  the 
^re  deposits  represent  isolated  areas  resting  on  underlying  rocks, 
in  the  Appalachian  region  they  form  a  well  defined  belt,  occupy- 
ing certain  topographic  and  geologic  positions  throughout  the 
Appalachian  Valley. 

In  the  Batesville  region  the  evidence  of  decay  in  situ  is  too 
evident  to  admit  of  discussion,  but  in  the  Appalachian  region  it 
yras  formerly  supposed  that  the  clay  outcrop  of  the  decomposed 
ore  stratum  represented  a  secondary  diluvial  deposit,  laid  down 
in  the  valleys  and  impregnated  with  manganese  and  iron  by 
solutions  derived  from  the  higher  land.  In  the  Geology  of 
Vermont,  1861,  E.  Hitchcock  suggests  that  the  iron  and  man- 
^ganese  belt  of  the  Appalachian  Valley  represents  a  Tertiary 
deposit,  extending  along  the  Appalachian  Valley  from  northern 
Vermont  to  Alabama.  In  the  map  of  Vermont  accompanying 
the  above  mentioned  work,  a  strip  representing  the  metalliferous 
horizon,  running  south  from  Moncton  through  Brandon  to 
Bennington,  is  colored  as  Tertiary.  Hitchcock  based  his  ideas 
-on  the  discovery  of  true  Tertiary  fossil  fruits  and  plants  in 
the  Brandon  lignites,  and  as  iron  and  manganese  were  found  in 
the  same  locality,  he  considered  them  also  of  Tertiary  age. 
Reasoning  from  this  evidence,  he  placed  the  continuation  of  the 
iron-bearing  belt  in  other  parts  of  Vermont,  where  lignite  did 
not  occur,  in  the  Tertiary. 

It  has  since  been  shown  that  the  Brandon  beds  repre- 
sent only  a  local  Tertiary  area,  formed  mostly  of  the  re- 
arranged materials  from  the  Paleozoic  beds,  which  probably 
underlie  it;  and  that  in  most  other  places  in  western 
Vermont,  and  in  the  Appalachian  Valley  in  general,  the  ore- 
bearing    clay  occupies  the  same  relative  position  that  it 


^ 
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occupied  when  it  was  ia  the  form  of  a  solid  rock.  The  latter 
idea  was  suggested  for  certain  Pennsylvania  iron  ores  by 
R.  M.  S.  Jackson  in  1838,*  In  1865  it  was  favorably  discussed 
by  J.  P.  Lesley,  t  in  1867  by  Benjamin  8.  Lyman,  J  in  1874 
by  Dr.  T.  Sterry  Hunt,§  and  by  Dr.  Persifor  Frazer.  || 

The  immediate  outcrop  of  the  ore-bearing  stratum,  or 
rather  the  surface  deposit  covering  it,  may  consist  of  the 
re-arranged  residual  products  of  the  underlying  bed  brought 
into  their  present  form  before,  during,  or  after  Tertiary  times^ 
and  local  occurrences  of  lignite  in  Pennsylvania  are  men- 
tioned in  chapter  XV.,  under  the  description  of  the  man- 
ganese ores  of  Vermont.  The  mass  of  the  ore  deposit,  how- 
ever, generally  represents  the  decomposition,  in  sitn^  of  the 
original  ore  bearing  rock.  No  better  evidence  of  this  caa 
be  advanced  than  the  descriptions  of  localities  given  in 
previous  chapters.  In  many  places,  the  ore-bearing  clay 
contains  masses  of  rock  with  fragments  of  ore.  Such  masses 
are  irregular,  semi-decomposed,  and  blend  into  the  clay  with« 
out  any  sharp  lines  of  separation.  The  ore  in  them  is  the 
same  as  that  found  in  the  clay,  and  it  is  sometimes  possible^ 
to  see  a  part  of  a  pocket  of  ore  in  the  clay  and  a  part  in  the 
fragments  of  rock.  Not  only  this,  but  in  many  places  man- 
ganese can  be  seen  in  the  solid  rock  bordering  the  ore-bearing 
clay,  and  the  same  blending  is  observable  as  that  between 
the  rock  fragments  and  the  clay ;  thus  leaving  no  doubt  that 
the  fragments  and  the  clay  belong  whefe  they  are  now  found,, 
and  represent  the  undecomposed  parts  of  the  original 
stratum. 

If  further  evidence  is  needed,  it  is  seen  at  South  Wall- 
ingford,   Vermont :  here  the  Cambrian  quartzite,  standing 

*  J.  p.  Lesley,  Second  Geol.  Survey  of  Penn..  Report  A,  p.  S3.  In  1837  0.  U.  Sbepard 
had  announced,  in  his  Report  on  the  Mineralogy  of  Connecticut,  a  similar  theory  of  decay  ia 
situ  for  certain  iron  ore  deposits  in  the  crystalline  rocks  of  western  Connecticat.  (T.  Sterry 
Hunt,  Trans.  Amer.  Inst.  Mng.  Eng.,  Vol.  III.,  1874-5,  p.  419).  Jackson's  theory  for  ores  in 
the  Paleozoic  rocks,  however,  is  said  to  have  been  advanced  independently  of  Shepard's  theory^ 

t  J.  P.  Lesley,  Proceed.  Amer.  Philos.  Soc.,  Vol.  IX.,  1865,  pp.  466  etseq. 

t  Proceed.  Amer.  Assoc.  Adv.  Sci.,  1867,  pp.  114-117. 

g  Trans.  Amer.  Inst.  Mng.  Eng.,  1874-5,  Vol.  III.,  pp.  418-421. 

6  Second  Geol.  Surv.  Penn.,  Report  C,  1874,  p.  142, 
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almost  vertically,  forms  a  high  ridge  on  one  side  of  the  ore- 
bearing  stratum,  and  the  overlying  limestone  occupies  the- 
other  side,  on  the   lower  slope.    The  ore-bearing  stratum* 
comes  between  them,  and  causes,  by  its  easy  erosion, a  slight, 
flat  on  the  slope  of  the   hill.     In   mining  brown  hematite 
and  manganese  ore,  a  tunnel  has  been  run  for  about  1,700 
feet  into  the  hill,mostly  along  this  deposit,  and  numerous  drift Gh 
have  demonstrated  the  existence  of  quartzite  on  one  side 
and  limestone  on  the   other,  thus  proving  the  interbedded^ 
character  of  the  deposit.      Similar  instances  can  be   seen^ 
throughout  the  Appalachian  Valley  from  Vermont  to  Georgia,, 
and  though  the  actual  mode  of  occurrence  of  the  ore  is 
sometimes  obscured  by  the  wearing  down  of  the  soft  ore- 
bearing  stratum  and   its  consequently  occupying  the   low 
places^  yet  wherever  the  nature  of  the  deposit  can  be  made 
out,  it  is  that  of  a  stratum  interbedded  with  the  associated 
rocks ;  or  else  it  is  the  surface  outcrop  of  such  a  deposit  re- 
arranged by  surface  agencies  in  more  or  less  nearly  horizon- 
tal layers. 

It  is  probable  that  in  many  places  the  surface  erosion  of 
the  residual  clay  may  have  caused  a  mechanical  concentra- 
tion of  the  masses  of  ore  in  the  upper  part  of  the  deposit,, 
and  may  thus  have  rendered  that  part  of  the  deposit  richer 
in  ore  than  the  lower  part,  but  such  action  is  entirely  super- 
ficial. Its  effect,  however,  may  often  be  to  render  the  upper 
part  of  the  deposit  workable  at  a  profit,  while  in  the  lower 
part  the  ore  in  many  cases  may  be  too  scattered  to  be 
profitably  mined. 

The  original  ore-bearing  rock  has  in  some  places  not 
undergone  decay,  and  the  ore  still  occurs  in  place  in  it 
on  the  surface.  At  the  Cabell  mine  in  Virginia,  in  the  Cebolla 
Valley  of  Colorado,  in  the  Coast  Ranges  of  California,  and 
many  other  places,  manganese  is  found  in  place  in  the  original 
rocks.  In  the  Cave  Spring  region  of  Georgia  manganese 
occurs  both  in  situ  in  chert  and  cherty  limestones,  and  also 
in   the  residual  clay  from  the  decay  of  those  rocks.      la 

87  Geological,  Vol.  1.,  1890. 
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southweatera  Arkansas  manganese  occurs  in  massive 
novaculite,  while  in  northern  Arkansas^  though  the  ore  is 
generally  in  the  residual  clay  of  Silurian  limestone,  it  is 
sometimes  seen  in  place  in  that  rock.  In  New  Brunswick 
and  Nova  Scotia  manganese  has  been  mined  in  both  the 
overlying  residual  clay  and  the  underlying  solid  limestone. 
Between  the  condition  of  an  unaltered  ore-bearing  rock  and 
the  condition  of  complete  decay,  there  are  all  gradations  in  the 
amount  of  decomposition  and  consequently  in  the  extent  of 
the*  residual,  ore-bearing  clay. 

As  a  result  of  the  variety  of  conditions  under  which  the 
decay  of  the  ore-bearing  rocks  takes  place^  the  depth  of  the 
decay  varies  considerably  in  different  places  and  in  different 
rocks.  In  the  Batesville  region  of  Arkansas  a  highly 
crystalline  manganese-bearing  limestone,  lying  horizontally 
and  sometimes  considerably  over  a  hundred  feet  in  thickness, 
has  often  been  completely  decomposed.  The  more  siliceous 
rocks  of  other  regions  have  also  often  decayed  to  considera- 
ble depths.  At  the  Crimora  mine,  in  Virginia,  the  clay, 
which  has  probably  resulted  from  the  decay  of  a  more  or 
less  shaly  material,  is  over  276  feet  thick;  while  in  some  of 
the  mines  in  Georgia,  though  the  shafts  have  not  been  sunk 
so  deep  as  at  Crimora,  a  very  considerable  thickness  doubt'^ 
less  exists.  A  shaft  at  the  Chumler  Hill  mine,  in  the 
Cartersville  region  of  Georgia,  has  been  sunk  over  80  feet 
without  reaching  the  bottom  of  the  clay. 

Agents  of  decay  ofthemanganese'bearing  rocks. — It  is  a  notice- 
able fact  that  the  stratum  carrying  the  manganese  ore  is  often 
decomposed  to  a  much  greater  depth  than  strata  of  similar  rocks, 
in  the  same  neighborhood,  exposed  to  the  same  atmospheric  con- 
ditions, but  not  carrying  ore.  This  fact  requires  the  supposi- 
tion of  an  agency  of  decay  in  the  ore-bearing  stratum  additional 
to  those  agencies  that  have  acted,  or  are  acting  in  the  other  rocks. 
It  i-eems  possible  that  this  factor  is  in  many  cases  supplied  by 
the  ore  itself,  or  by  the  materials  accompanying  the  ore. 

J.  D.  Dana,*  in  describing  the  iron  ores  of  the  Appalachian 

*  Amer.  Jour,  bci.,  8d  series,  Vol.  XLV.,  1877,  p.  138-189. 
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Valley,  has  suggested  the  iofluence  of  carbonic  acid  and  sul- 
phuric acid,  derived  respectiv«]|y  from  the  oxidation  of  the  car- 
bonate and  the  sulphide  of  iron,  in  the  decay  of  rocks.  Sup- 
posing the  manganese  to  have  been  originally  in  the  form  of 
-carbonate  and  subsequently  converted  to  its  present  oxide  form, 
it  seems  probable  that  the  carbonic  acid  libtirated  from  it  in  the 
same  way  as  from  iron  carbonate,  may  have  had  an  important 
effect  in  the  decomposition  of  the  enclosing  rock. 

In  the  case  of  the  manganese-bearing  limestone  of  the  Bates- 
ville  region  in  Arkansas,  as  explained  on  pages  178  to  179,  a 
cause  of  the  exceptionally  extensive  decay  in  the  parts  of  the 
limestone  containing  ore  may  exist  in  the  presence  of  earthy 
materials.  Such  materials  are  much  more  abundant  in  the  ore- 
bearing  parts  than  in  the  barren  parts  of  the  rock,  and  they  afford 
a  porosity  which  allows  a  freer  percolation  of  surface  waters  and 
hence  a  more  rapid  decay  of  the  rock  than  elsewhere. 

The  contraction  of  those  ores  which  were  laid  down  as  car- 
bonate, when  they  are  transformed  to  oxide,  gives  rise  to 
-cavities  and  to  a  generally  porous  character  observable  in 
many  manganese  ores.  This  change  in  physical  character 
would  facilitate  the  percolation  of  water  and  hence  the  decay 
of  the  enclosing  rock. 

The  inclination  of  the  strata  in  the  various  manganese 
regions  has  not  been  without  its  effect  in  hastening  decay,  as  the 
steeply  dipping  strata  afford,  by  their  upturned  edges,  a  more 
accessible  entrance  for  surface  waters,  and  consequently  a  more 
rapid  aud  deeper  decay  than  low-dipping  strata,  which  tend 
more  to  shed  the  surface  waters.  This  influence,  however,  is 
shared  by  the  ore-bearing  rock  in  common  with  the  other  rocks 
in  the  immediate  neighborhood. 

Mode  of  decay  of  the  manganese-bearing  rocks. — The  causes 
of  decay  in  the  crystalline  rocks,  from  which  the  manganese  was 
originally  derived,  are  the  breaking  up  of  silicates  and  the  solu- 
tion of  the  resulting  oxides.  (See  pages  547-548.)  In  the 
olastic  rocks  which  now  contain  the  ore  derived  from  the  crystal. 
line  rocks,  the  cause  of  decay,  except  where  silicates 
have  been  formed  again  by  metamorphism,  is  simply  the  bodily 
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removal  in  solution  of  certain  constituents  of  the  rocks,  gener- 
ally carbonate  of  lime  and  greater  or  less  quantities  of  metallic 
oxides,  without  the  intermediate  process  of  the  chemical  alten- 
tion  of  certain  mineral  ingredients. 

When  the  ore-bearing  stratum  is  a  limestone^  the  process  of 
decomposition  is  simply  the  removal  of  carbonate  of  lime  in  so- 
lution and  the  concentration  of  the  masses  of  ore  and  the  residual 
clay,  the  latter  representing  the  insoluble  impurities  of  the  original 
rock.  Such  is  the  case  with  the  manganese  deposits  of  the- 
Batesville  region  and  some  of  those  of  the  Appalachians.  Some- 
times the  manganese-bearing  stratum  is  largely  composed  of  chert^ 
usually,  however,  more  or  less  calcareous.  An  illustration  of 
this  is  seen  in  the  deposits  in  the  Knox  dolomite  of  the  Cave 
Spring  region  of  Georgia.  In  such  cases  the  decomposition  goes 
on  by  the  removal  of  the  disseminated  carbonate  of  lime  and  the 
disintegration  and  possibly  the  partial  solution  of  the  cherty 
material.  When  the  ore-bearing  stratum  was  originally  com- 
posed of  shale,  the  decomposition  likewise  goes  on  by  the 
solution  of  any  finely  disseminated  carbonate  of  lime  that  maybe 
present  as  well  as  of  the  metallic  oxides.  When  manganese  is 
found  in  sandstone  or  quartzite,  the  rock  in  immediate  contact 
with  the  ore  is  usually  made  up  of  a  fine  grained,  earthy 
material,  which,  on  exposure,  disintegrates  into  a  more  or  leas 
sandy  clay. 

From  whatever  source  the  clay  has  been  derived,  it  is 
usually  highly  siliceous  on  account  of  the  more  or  less  complete 
removal  of  the  basic  components  of  the  original  rock;  and  is  fre- 
quently brilliantly  mottled  red,  brown,  yellow,  purple,  and  black, 
by  the  presence  of  certain  quantities  of  iron  and  manganese  in 
different  stages  of  oxidation  and  hydration.  Sometimes  it  is 
pure  snow-white. 

Chemical  action  on  the  manganese  ore. —  The  ore  itself 
has  been  considerably  affected  by  chemical  action  during  the 
secondary  decay  of  the  enclosing  rock.  The  first  change 
that  goes  on  is  the  conversion  of  any  carbonate  that  may  be 
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present  into  oxide,  *  thus  completely  changing  the  chemical 
nature  of  the  ore.  The  subsequent  changes,  however,  oc- 
•casionally  have  a  much  greater  influence  on  the  physical 
nature  and  mode  of  occurrence  of  the  ore :  though  in  many 
places  the  ore  in  the  clay  seems  to  occupy  much  the  same 
relative  position  that  it  did  in  the  original  rock,  yet  in  some 
places  it  has  often  been  dissolved,  and  the  solution  has  either 
been  re-precipitated  in  another  position  in  the  same  deposit, 
or  has  mixed  with  surface  waters  and  been  entirely  removed 
from  the  deposit.  Such  an  action  is  caused  by  acidulated 
surface  waters  and  often  tends  to  segregate  the  ore  in 
nodular  and  stalactitic  forms. 

Professor  N.  8.  Shaler,t  in  discussing  the  origin  of 
-certain  iron  ores  in  Kentucky,  Ohio,  and  other  places, 
points  to  the  fact  that  many  of  them  overlie  limestone, 
protruding  into  it  in  very  irregular  bodies,  and  that  they 
•are  themselves  overlain  by  more  or  less  ferruginous  shales 
and  other  rocks.  He  supposes  that  the  iron  was  removed 
from  the  overlying  rocks  in  solution  and  carried  down 
into  the  limestone,  where  it  was  deposited  by  replacement  as 
<;arbonate,  subsequently  altered  by  oxidation  and  hydration, 
«nd  converted  into  limonite.  The  irregular  manner  in 
which  the  metalliferous  solutions  percolate  through  the  lime- 
stone would  account  for  the  uncertain  extent  of  many  brown 
hematite  deposits,  and  for  the  fact  frequently  observed  that 
they  appear  to  cut  directly  across  the  bedding  of  the  enclos- 
ing limestone.  Professor  Shaler  also  shows,  however,  that 
in  many  places  in  rocks  other  than  limestone,  such  as  shales 
etc.,    a    segregation    of  carbonate  of  iron  in  the  form  of 

«  G.  Bifchof  thinks  (Elemeots  of  Chem.  and  Phft.  Geol.,  Vol.  III.,  pp.  508  and  580)  that 
the  seiquioxide  of  manganese  which  occurs  in  manganese  ores  has  heen  derived  from  deposits 
t>f  carbonate  of  manganese,  while  the  peroxide  has  been  produced  directly  from  the  solution  of 
the  carbonate  and  also  from  the  peroxidation  of  other  oxides.  The  time  available  for  the 
present  report  has  not  permitted  a  further  studf  of  this  subject,  nor  an  investigation  of  the 
various  possible  transitions  of  certain  mineralogical  forms  of  manganese  oxides  into  others, 
4uch  as  are  illustrated  in  the  peroxidation  of  manganite  into  pjrolusite,  and  the  possible  genetic 
relation  of  the  two  peroxides,  pyrolusite  and  poliaoite. 

Kentucky  Geological  Survey,  Report  of  Progress,  Vol.  Ill,,  New  Series,  1877,  p.  164. 


582  ANNUAL  BEPOBT  STATS  GEOLOGIST. 

nodules  or  larger  bodies  frequently  takes  place  without  tha 
agency  of  replacement  of  carbonate  of  lime. 

A  segregation  by  replacement  of  limestone  may  also  have^ 
sometimes  taken  place  with  manganese  deposits.  When,  how« 
ever,  the  waters  containing  manganese  in  solution  percolate 
through  a  siliceous  clay,  such  as  is  represented  by  the  residual 
product  of  most  of  the  ore-bearing  rocks,  the  manganese  often 
undergoes  a  segregation  without  this  intermediate  process  of 
replacement.  The  percolation  of  manganiferous  solutions  io 
the  accompanying  clay  is  going  on  at  the  present  time  in 
many  places  in  the  Valley  of  Virginia,  especially  at  Crimora 
and  at  Lyndhurst.  It  frequently  turns  the  clay  black  in  spots,, 
or  forms  stringers  of  ore  in  cracks,  giving  rise  to  a  popular 
idea  that  the  amount  of  manganese  is  growing.  As  a  matter 
of  fact,  however,  the  ore  is  not  increasing  in  quantity,  but  i& 
simply  changing  position  in  the  clay  bed,  by  being  first  dis- 
solved by  carbonated  waters,  carried  in  solution  until  the  waters 
happen  to  reach  a  place  where  their  contents  are  oxidized,  and 
then  deposited  again.  This  accounts  for  the  presence  of  man^ 
ganese  in  open  parts  of  the  enclosing  bed  and,  in  cracks  and 
cavities.  The  digging  of  shafts  and  tunnels,  or  the  erosion  of 
creeks  in  the  ore-bearing  clay,  gives  such  solutions,  when  they 
reach  the  side  of  the  excavation  or  the  banks  of  the  creek,  the 
chance  to  become  oxidized ;  and  therefore  the  manganese  is  oite& 
deposited  in  such  places.  Though  this  process  of  solution  and 
re-deposition,  when  both  actions  are  confined  to  one'  stratum^ 
does  not  actually  increase  the  total  amount  of  ore  present  in  that 
stratum^  yet  it  has  often  been  the  means  of  segregating  ore 
which  was  originally  minutely  scattered  throughout  the  deposit^ 
and  laying  it  down  in  bodies  of  workable  size. 

Brecdation  in  manganese  deposits. — One  of  the  most  notice* 
able  features  of  many  manganese  deposits  is  the  brecciation 
often  observed  in  the  accompanying  rock,  which  is  frequently 
broken  up  into  angular  fragments  and  cemented  by  oxide  of 
manganese.  The  rocks  seem  to  have  been  broken  in  place,  and 
it  can  often  be  seen  that  if  the  cementing  material  were  removed^ 
the  angles   of  each  fragment  would  fit  into  the  angles  of  the 


THE  ORIGIN  AND  CHEMICAL  REIiATIONS  OF  MANGANESE  DEPOSITS.   583 

adjacent  fragments;  in  other  words,  if  the  ore  were  removed,  the 
separate  fragments  of  rock  would  fit  together  and  make  a  solid 
continuous  mass,  just  as  do  the  individual  pieces  of  mosaic 
work.  *  This  would  not  be  the  case  were  the  breccia  formed  by 
the  indiscriminate  mixing  of  rock  fragments,  and  it  points  clearly 
to  the  fact  that  the  breaking  process  has  gone  on  in  place  in  the 
rock. 

This  brecciation  in  situ  has  doubtless  been  produced  by 
different  causes  in  different  places  :  in  some  cases  it  is  probably 
due  to  the  crushing  of  the  rock  daring  folding,  and  the  subse- 
quent cementing  of  the  fragments  by  mineral  matter.  Such 
crushing  would  tend  to  be  more  or  less  marked  in  certain  strata 
which  iiad  less  power  to  resist  fracture  by  lateral  pressure  than 
the  associated  strata;  but  in  the  case,  such  as  sometimes  occurs, 
of  a  brecciation  along  a  certain  horizon  in  an  apparently  homo- 
geneous stratum,  an  additional  explanation  is  needed  for  the 
localization  of  the  phenomenoo.  Here  an  initial  fracture  or 
jointing  of  the  rocks  may  have  been  caused  by  lateral  pressure, 
and  may  have  been  common  to  the  whole  stratum.  These 
cracks  may  have  been  forced  open  along  a  certain  horizon  in  the 
stratum  by  the  segregation  and  crystallization  in  them  of  mineral 
matter  formerly  fiuely  disseminated  through  the  special  horizon^ 
Such  an  effect  in  the  mineral  matter  would  undoubtedly  be  at 
least  partly  due  to  capillary  action,  which  itself  might  cause  a 
powerful  expanding  force  in  the  absorbing  rock.  In  this  last 
process  the  rock  might  be  broken  again  in  still  other  directions 
than  those  of  the  original  joints,  and  thus  give  rise  to  a 
minutely  brecciated  stratum. 

It  also  seems  possible  that  brecciation  of  this  kind  may  in 
some  cases  be  strictly  superficial,  and  that  the  expansion  of  the 
crevices  occupied  by  the  ore  may  have  been  assisted  by  frost  and 
other  surface  agencies.  Each,  therefore,  of  these  expanding' 
forces,  that  is,  crystallization,  capillary  action,  and  frost  ha^ 
pfobably  had  its  infiueuce  in  forciugopen  the  fractures  caused  by 
folding  or  other  forces  acting  on  the  rock. 

*  This  kind  of  brecciation  is  not  confined  to  manganese  deposits,  but  is  seen  in  many 
iron,  zinc,  and  other  metalliferous  deposits. 
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In  almost  all  such  cases  the  mineral  matter  of  the  breccia  has 
probably  come  directly  from  materials  disseminated  either  in 
the  fractured  bed  itself  or  in  the  immediately  associated  beds, 
though  in  some  rarer  cases  spring  waters  may  have  acted  as  a 
sourcp  of  supply. 

Ill  the  manganese  region  of  Hants  county.  Nova  Scotia,  the 
•ore  frequently  occurs  with,  and  sometimes  cements  the  fragments 
of  a  highly  brecciated  dolomitic  limestone.  This  bed  underlies 
the  great  gypsum  and  anhydrite  deposits  of  that  region,  and  the 
brecciation,  in  this  case,  appears  possibly  to  have  been  caused  by 
the  conversion  of  anhydrite  into  gypsum.     (See  pages  531-538). 

Action  of  metamorphiam  on  manganese  deposits. — It  has  been 
shown  that  the  action  of  the  surface  decay  on  manganese  de- 
posits has  a  great  influence  on  the  nature  of  the  ore  and  the 
-enclosing  rock;  the  action  of  metamorphism  has  an  equally 
marked  effect.  When  the  heat  has  been  moderate,  the  effect  on 
the  ore  seems  to  consist  simply  in  minor  chemical  changes  in  the 
character  of  the  ore,  often  converting  it  from  a  soft,  earthy 
material  to  a  more  compact,  and  sometimes  crystalline  ore ;  and 
frequently  tending,^by  a  process  of  solution  and  re-deposition, 
to  free  it  from  its  insoluble  impurities. 

In  the  Coast  Ranges  of  California,  where  the  accompanying 
i-ock  has  been  much  altered  by  the  conversion  of  shales  into 
phthanite,  or  jasper,  the  manganese  ore  still  remains  in  the  state 
of  oxide,  without  having  formed  to  any  extent  other  chemical 
combinations.  The  ores  oflen  contain  considerable  quantities  of 
silica,  and  appear  to  be  bedded  deposits  laid  down  at  the  same  time 
iis  the  enclosing  rock.  If,  therefore,  there  had  been  sufficient 
beat  during  the  metamorphism  of  the  rocks,  the  well  known 
affinity  of  manganese  for  silica  under  intense  heat  would  have 
•caused  a  part  of  it  at  least  to  go  into  the  form  of  silicate. 
Different  reasons  are  also  adduced  by  Mr.  Becker*  to  show  that 
the  metamorphism  of  the  shales  of  the  Coast  Ranges  was  brought 
^bout  at  comparatively  low  temperatures.  The  same  thing  seems 
to    hold  true  of  the  manganese  deposits  in   the  novaculite  of 

<*  Geologf  of  the  Quicksilver  Deposits  of  the  Pacific  Coast,  Monograph  U.  8.  OtoL 
:SarTe7,  No.  XIII.,  1888,  p.  138. 
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"Southwestern  Arkansas :  the  ores  there  now  exist  as  oxides^  but 
if  they  had  been  subjected  to  a  high  heat  the  intimate  relation  of 
the  ore  with  silica  (novaculite)  would  doubtless  have  given  rise 
to  silicates. 

When,  however,  the  temperature  is  high,  the  silica  and 
the  oxide  of  manganese  combine  to  form  silicates  of  manganese. 
When  other  bases  are  present,  complex  silicates  are  often  formed, 
-containing  manganese  as  one  of  their  constituents.  An  action  of 
this  kind  may  have  brought  about  the  formation  of  the  bedded  de- 
posits of  various  manganese-bearing  garnets  which  occur 
in  the  quartzites,  gneisses,  and  schists  of  Llano  and.  Mason 
counties,  Texas.  In  fact,  the  same  cause  probably  also  explains 
the  comparative  rarity  of  oxides  of  manganese  and  the  very 
general  presence  of  the  different  manganese-bearing  silicates  in 
-other  crystalline  rocks.t 

In  the  area  of  crystalline  rocks  of  central  Texas,  beds  of 
tnanganese-bearing  silicates  and  of  oxide  of  iron  are  often  found 
in  gneisses  and  schists  in  the  same  locality,  and  the  silicate  often 
contains  minute  grains  of  magnetic  oxide  of  iron.  (See  page  433). 
In  one  place  on  Horse  Mountain,  five  miles  north  of  the  town  of 
Llano,  in  Llano  county,  Texas,  a  manganese-bearing  silicate, 
probably  a  garnet,  occurs  in  nests  and  pockets  in  a  bed  of  magnetic 
iron  ore.  In  other  places  also,  not  only  in  Texas  but  elsewhere, 
manganese  in  the  form  of  silicate  is  a  frequent  associate  of  mag- 
netic iron  ores.  Such  occurrences  show  a  much  less  stable  con- 
tlition  under  intense  metamorphic  influences  for  oxide  of  man- 
ganese than  for  oxide  of  iron ;  since,  while  the  latter  remains, 
partly  at  least,  in  the  oxide  state,  the  former  combines  with  the 
silica  present  and  goes  into  the  form  of  silicate.  This  difference 
in  action  with  silica  would  tend  to  make  the  ratio  of  the  amount 
-of  manganese  in  the  oxide  form  to  that  in  the  silicate  form,  in  the 

tit  has  alreftdj  been  stated  that  free  oxides  of  manganese,  where  thej  occar  in  crystal- 
tine  rocks,  are  often  secondary  prodacts  from  the  oxidation  of  silicates  and  other  minerals,  and 
that  as  original  constituents  of  those  rocks  thej  are  mach  rarer  than  the  silicates. 
Free  oxides  of  manganese  do  sometimes,  howoTer,  seem  to  exist  as  original  constituents  of 
-crystalline  rocks.  They  occasionally  occur  in  a  pare  state,  at  other  times  as  manganiferous 
hematites  and  magnetites  ;  or  in  such  combinations  as  the  mineral  franklinite,  an  oxide  of 
Iron,  cine,  and  manganrae. 
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metamor])hic  rocks^  much  smaller  than  the  same  ratio  in  the  ease^ 
of  iron,  and  such  is  found  to  be  the  case. 

The  a£Bnity  of  manganese  for  silica  is  well  illustrated  in  th& 
manufacture  of  spiegeleisen  and  ferro-manganese  \  here  one  ot 
the  principal  difficulties  is  to  prevent  the  manganese,  daring  the 
smelting  in  the  furnace^  from  combining  with  the  silica.  This, 
tendency  is  partly  overcome  by  using  a  highly  basic  slag,  but 
other  difficulties  are  met  if  the  slag  is  too  basic,  and  even  with 
all  precautions  a  loss  of  from  4  to  over  15  per  cent  of  manganese,, 
varying  according  to  the  percentage  of  manganese  in  the  product 
to  be  obtained  from  the  furnace,  is  often  sustained  in  reducing 
the  ores  to  spiegeleisen  or  ferro-manganese.  In  this  artificial 
combination  of  manganese  and  silica,  a  certain  proportion  of  iron 
also  enters,  making  a  more  or  lees  complex  silicate,  in  composi^ 
tion  not  unlike  some  of  the  native  silicates, 

THE   ORIGIN    OF    THE     MANGANESE    DEPOSITS' OF    THE    BATES-^ 

VILLE    REGION   OF  ARKANSAS.* 

The  manganese  ores  of  the  Batesville  region  of  Arkansas 
originally  occurred  in  lenticular  layers,  pockets,  and  flat 
concretions  following  in  a  general  way  the  planes  of  stratifi- 
cation of  the  St.  Clair  limestone  ;  they  now  exist  in  a  similar 
form  in  the  residual  clay  which  has  resulted  from  the  decom-^ 
position  of  this  limestone.  The  limestone  is  of  an  age 
intermediate  between  the  Trenton  and  Niagara  of  the  Silurian 
system.  It  lies  almost  horizontally  over  considerable  areas, 
but  dips  with  gentle  monoclines  to  the  south,  finally  disap- 
pearing under  the  Lower  Carboniferous  strata  of  the  Boston 
Mountains.  Ten  miles  to  the  north  of  where  it  appears  from 
under  the  overlying  rocks,  it  has  been  entirely  removed  by 
erosion,  and  the  underlying  Silurian  limestones  and  sandstones, 
comprise  the  country.    To  the  east  and  west  of  the  Batesville 

<■  The  discussion  of  the  origin  of  tht  deposits  of  the  Batebville  region  is  taken  up  here- 
instead  of  in  the  description  of  that  region  in  previous  chapters,  as  the  subject  is  directljr 
dependent  on  the  conclusions  concerning  the  chemical  relations  of  manganese  reached  in 
this  chapter.  It  is  therefore  most  consistently  treated  in  this  place,  and  it  also  aenres  to. 
illustrate  certaiu  principals  in  the  formation  of  manganese  deposits  in  general,  which  it  ham. 
been  the  object  of  the  present  chapter  to  describe. 


THE  ORiaiN  AND  CHEMICAL  RELATIONS  OF  MANQATOSBS  DBFOBIT8.      587 

region  it  follows  the  general  south-of-east  and  north-of-west 
strike  of  the  rocks. 

The  Batesville  region  comprises  a  territory  of  about  122 
square  miles,  in  which  manganese  characterizes  the  limestone^ 
in  local  areas.  In  a  similar  manner,  the  region  considered  as  & 
unit  represents  an  isolated  manganese-bearing  area  of  the  St. 
Clair  limestone,  blending  both  to  the  east  and  the  west  inta- 
a  limestone  of  the  same  geologic  age,  but  without  any  ap- 
preciable quantity  of  manganese.    An  analysis  of  the  barren^ 
rock  generally  shows  a  fraction  of  a  per  cent  of  manganes^^ 
such  as  exists  in  many  limestones,  but  the  nodules  and  larger 
bodies  of  ore  are  wanting.    Isolated  areas  of  manganese  de- 
posits have  been  reported  in  the  St.  Clair  limestone  to  th& 
northwest  of  the  Batesville  region,  but  their  extent  has  not 
yet  been  proved.    The  Batesville  region,  therefore,  representa. 
an  abnormal  local  accumulation  of  manganese  in  a  formation 
which,  though  characterized  throughout  by  a  certain  amount, 
of  that  material,  contains  it  elsewhere  in  only  limited  quanti-^ 
ties.     (For  further  details  see  chapter  VIII.) 

The  St.  Clair  limestone  in  the  Batesville  region  not  only 
differs  from  the  same  rock  elsewhere  in  its  contents  of  man- 
ganese, but   also  in   two   other  marked    features:  (1)    its. 
thickness  and  (2)  its  lithologic  composition. 

(1)  The  limestone  reaches  its  maximum  thickness  of 
155  feet  in  Penter's  Bluff,  in  the  western  part  of  the  Batesville 
region.  To  the  east  the  limestone  rapidly  becomes  thin,  an  d 
in  less  than  ten  miles  from  the  eastern  border  of  the  region,  or 
twenty-five  from  Penter's  Bluff,  it  is  represented  either  by  a 
stratum  of  only  a  few  feet  in  thickness  or  else  it  disappears 
altogether.  To  the  west  it  retains  its  full  thickness  for  about 
eight  or  ten  miles,  and  beyond  that  it  becomes  thin  in  the 
same  manner  as  to  the  east,  but  less  rapidly.  In  the  manganese 
region  the  ore  occurs  in  the  limestone  at  various  horizons, 
from  base  to  summit. 

Immediately  below  the  St.  Clair  limestone  is  the  Izard 
limestone,  which  also  reaches  its  maximum  development 
(280  feet)  on  the  western  edge  of  the  Batesville  region,  and. 
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becomes  thiD  to  the  east  and  the  west  in  the  same  manDer 
•as  the  overlying  formation. 

(2)  The  part  of  the  St.  Clair  limestone  carryinf^  the  ore 
always  contains  more  or  less  siliceous  and  argillaceous  ma^ 
terial^  either  finely  disseminated  through  it  or  in  beds  of  a 
«audy  or  shaly  nature.  Moreover  the  quantity  of  ore,  in  a 
general  way,  seems  to  vary  with  the  quantity  of  earthy 
material :  when  there  is  a  large  quantity  of  the  latter,  there 
fnay  be,  though  not  necessarily,  considerable  deposits  of 
manganese  ore;  while  where  there  is  little  or  no  earthy 
material,  there  is  usually  but  little  manganese.  This  rule 
will  not  hold  invariably,  but  in  a  general  way  it  does,  and 
an  earthy  nature  is  characteristic  of  the  part  of  the  limestone 
carrying  the  ore  ;  while  where  ore  is  absent  the  limestone  is 
often  very  pure  and  sometimes  contains  over  95  per  cent  of 
-carbonate  of  lime.  In  some  places  the  siliceous  material 
ts  in  the  form  of  a  brown  or  buS  colored  sandstone. 

A  microscopic  examination  made  by  Dr.  J.  E.  Wolff  of 
-an  earthy  material  containing  flat  concretions  of  manganese 
ore  from  the  base  of  the  St.  Clair  limestone  in  the  Batesville 
region,  showed  numerous  grains  of  detrital  quartz  with 
a  few  of  feldspar  and  mica,  cemented  in  an  iron-stained 
calcite.  Deposits  which  appear,  macroscopically,  to  be  of  a 
eimilar  material,  are  found  in  many  other  parts  of  the  for- 
mation, though  they  have  not  yet  been  examined  under  the 
microscope.  The  nearest  known  source  for  such  detrital 
fragments  is  the  Archean  area  of  Missouri,  about  ninety 
-miles  to  the  north,  though  at  the  time  of  the  deposition  of  the 
8t.  Clair  limestone,  other  Archean  areas  may  have  been 
exposed  in  closer  proximity. 

Any  supposition,  therefore,  that  will  explain  the  origin 
^f  the  Batesville  manganese  ores,  must  also  explain  the 
following  phenomena : 

(1)  The  localization  of  considerable  deposits  of  man- 
ganese ore  in  a  certain  part  of  the  St.  Clair  limestone. 

(2)  The  fact  that  the  St.  Clair  limestone  reaches  its 
maximum  development    approximately  in  the   manganese 

^rea. 


THE  OBIGIN  AND  CHE^aCAL  BELATIONS  OF  MANGANESE  DEPOSITS.    589^ 

(3)    The  asaociation  of  the  ore  with  the  quartz,  feld- 
spathic,  and  micaceous  detritus. 

The  St.  Clair  limestone  contains  numerous  fossils  such 
as  crinoids,  corals,  and  other  remains  characteristic  of  a 
shallow  water  deposition.  The  occasional  beds  of  sandstone^ 
in  the  limestone  also  lead  to  the  belief  that  the  deposition, 
took  place  near  shore ;  while  the  occurrence  in  an  undecayed< 
state,  of  such  an  easily  decomposed  mineral  as  feldspar,  sug- 
gests that  the  distance  from  its  source  to  its  present  resting^ 
place  was  short.  Moreover  the  comparative  scarcity  of  these 
siliceous  materials  in  the  St.  Clair  limestone  to  the  east 
and  the  west  of  the  manganese  region,  points  to  the  fact  that 
these  areas  were  either  too  far  off  shore  to  be  reached  by 
such  sediments,  or  were  outside  the  local  currents  that  may 
have  brought  them. 

Prof.  Cbamberlin,  in  his  report  already  referred  to,*  gives  a 
map  showing  the  distribution  of  land  and  a  probable  system  of 
oceanic  currents  in  the  Silurian  sea  which  once  covered  a  large 
part  of  the  continent.     The   Archean  area  of  Missouri   is  laid 
down  as  a  series  of  small  islands  with  the  shoals  characteristic  of 
such  an  archipelago.f      A  current  coming  up  from  the  south  is. 
divided  by  the  archipelago  and  passes  northward  on  either  side. 
The   present    area    of  the  Batesville  region  lay  south  of  the 
'^  Missouri  Archipelago,''  while   the   east  and  west  extensions, 
of  the  present  area  of  the  St.  Clair  limestone  reached  respectively 
to  the  southeast  and  the  southwest  of  the  islands.      The  Bates* 
ville  region  was  in  a  position  which  might  readily  be  subjected 
to  a  back-flow  caused  by  the  north-bound  currents   coming  in 
contact  with  the  islands.     Under  such  conditions  the  back- flow 
would  carry  down  earthy  sediments  from  the  land,  and  as  the 
waters  would  probably  move  comparatively  slowly  or  form  eddies^ 
the  sediment  ^ould  be  laid  down  in  this  area  with  the  calcareous 
materials  from  the  sea,  thus  forming  a  more  or  less  earthy  lime- 
stone ;   while  on  either  side  of  the  back-flow,  pure   limestone^ 

•  Geology  of  Wisooosin,  1878-79,  Vol.  I.,  plate  XI. 

t  Small  areas  of  crystalline  rock  which,  at  the  time  Prof.  Ohamberlin  made  his  map, 
were  commonly  supposed  to  be  Archean,  are  laid  down  in  Arkansas.  These  haTe  since  beea 
shown  to  be  intrusive  igneons  masses. 
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either  in  the  form  of  coral  or  calcareous  sedimentSy  might  be  laid 
clqwn.  The  latt.er  sediments  would  be  free  from  earthy  ingre- 
dientSy  and  by  their  partial  breaking  up  might  readily  supply  a 
source  of  calcareous  material  in  the  area  of  the  land  sediments. 
The  deposition  of  the  earthy  matter  in  the  area  in  question 
required  a  condition  of  quiet  waters^  probably  much  in  contrast 
with  the  more  rapidly  moving  currents  on  either  side.  Hence 
the  calcareous  sediments  from  the  sea  water  would  also  settle 
more  easily  and  form  a  thicker  deposit  in  the  quiet  area  than  in 
the  currents. 

This  process  would  explain  both  the  presence  of  siliceous 
and  argillaceous  sediments  in  the  limestone  in  the  Batesville 
regiou  and  the  thickening  of  the  limestone  in  the  same  area. 
The  simple  additional  presence  of  earthy  material  would  not 
alone  be  enough  to  account  for  the  increased  thickness  of  the 
limestone,  but  the  facilities  for  the  deposition  of  calcareous 
material  would  be  ample  cause  for  the  accumulation  of  a  greater 
thickness  of  limestone  in  this  area  than  in  the  currents  to  the 
east  and  west. 

This  gradual  local  accumulation  of  land  and  marine 
sediments  would  eventually  cause  shoals  and  possibly  coastal 
lagoons  and  swamps,  into  which  the  waters  from  the  Archean 
rocks  of  the  Missouri  Archipelago  would  drain. 

It  has  already  been  stated  thiLt  all  Archean  rocks  contain 
greater  or  less  quantities  of  manganese^  generally  as  silicates, 
carbonates,  oxides,  or  other  forms.  The  Archean  rocks  of 
Missouri  are  no  exception  to  this  rule,  but  on  the  contrary  con- 
tain in  some  places  more  manganese  than  most  Archean  rocks. 
Professor  Pumpelly*  describes  the  occurrence  of  considerable 
<][uantities  of  manganese  oxides  in  several  places  in  the  porphyry 
of  the  Archean  area  in  the  southeastern  part  of  the  state.  The 
rock  enclosing  this  ore  is  more  or  less  decomposed,  and  sometimes 
the  latter  has  weathered  out  and  occurs  in  a  red  surfiice  clay. 
The  decay  of  the  ore-bearing  rocks  by  methods  already  described 
(pages  547-548)  would  afford  a  considerable  quantity  of  man- 

•Baphael  Pumpelly,  Geological  Surrey  of  Missouri,  Iron  Ores  and  Co«l  FUeds,  1S73, 
4>p.  20-26. 
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-ganese  in  solution  in  surface  waters^  and  thus  permit  its  transpor- 
tation to  the  coastal  shoals  or  lagoons.  Here  the  solutions, 
•exposed  in  a  stationery  condition  to  the  oxidizing  and  evaporat- 
ing action  of  the  atmosphere,  would  deposit  their  metalliferous 
*contents  as  carbonate  or  possibly  oxide  of  manganese*.  In  some 
places  considerable  bodies  of  ore  might  be  formed  in^  one  spot, 
in  others  the  manganese  would  be  disseminated  through  the 
mechanical  sedimeijts  being  laid  down  at  the  same  time.  A 
secondary  chemical  action  might  cause  the  segregation  of  the  dis- 
seminated manganese  and  the  formation  of  concretions  of  car- 
bonate of  manganese,  which  would  be  later  oxidized  in  forms 
«uch  as  are  characteristically  shown  at  the  Cason  mine,  near 
Batesville,  and  elsewhere  in  the  region.  In  other  places  the 
manganese  might  remain  in  a  finely  disseminated  state,  causing 
the  common  occurrence  now  seen  throughout  the  region  of  an 
•earthy  manganiferous  limestone  containing  from  3  to  15  per 
-cent  of  manganese.f 

By  these  various  local  modifications  of  precipitation  and 
segregation,  the  variety  of  deposits  now  seen,  that  is,  fiat  layers 
of  ore,  nodules,  concretions,  and  a  finely  disseminated  coloring 
matter  in  the  rock  would  be  produced.  The  deposition  would 
naturally  tend  to  occur  in  certain  spots  more  than  elsewhere, 
the  positions  being  regulated  by  the  position  of  the  swamps  or 
lagoons,  the  various  degrees  of  intensity  of  oxidizing  agencies, 

■^  The  coastal  lagooDs  or  shoals  in  question  probably  contaioed  considerable  quantities 
of  organic  matter,  and  though  a  part  of  the  ore  may  have  been  originally  precipitated  as  oxide > 
the  subsequent  segregation  of  the  ore  in  contact  with  this  matter  would  probably  finally 
deposit  it  largely  in  the  form  of  carbonate.  The  ores  as  now  found  are  in  the  form  of  oxidei>,and 
if  the  supposition  that  they  were  originally  segregated  as  carbonate  be  true,  the  oxides  must 
represent  the  product  of  the  later  oxidation  of  the  carbonate,  though  some  may  reprment  the 
-original  form  of  deposition,  as  just  stated. 

t  Professor  Cbamberlin  (Geology  of  Wisconsin,  1873-9,  Vol.  IV.,  pp.  629-588)  in  discuss- 
ing the  origin  of  the  lead  ores  of  Wisconsin,  which  are  associated  with  Silurian  limestone 
supposes  that  they  were  derired  from  the  Archean  area  forming  the  north  shore  of  what  is 
now  the  Lake  Superior  basin ;  that  they  were  taken  into  solution  and  carried  to  the  Mlurian 
•ea  ;  that  tht  coofiguration  of  the  shore  line  was  such  as  to  deflect  the  oceanic  currents  which 
passed  along  this  shore  and  cause  tkem  to  cross  what  is  now  the  southern  part  of  Wisconsin 
Here,  by  the  combination  of  currents,  a  gyratory  motion  was  produced,  with  the  resulting 
accumulation  of  seaweeds  and  animal  remains,  mostly  the  former.  Largely  through  the 
medium  of  these  material  the  lead  in  the  current  coming  from  the  north  shore  was  precipitated 
•«s  sulphide.  This  ore  was  originally  finely  disseminated  through  the  limestone  and  subse- 
quently segregated.  (For  a  further  discussion  of  deposition  as  sulphides  see  pages  654— 5d6 
mnd  662—663  of  the  present  report). 
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the  possible  presence  of  reducing  agents,  the  depth  of  the  water^ 
etc.,  thus  causing  the  characteristic  feature  of  the  Batesvill^ 
region,  that  is,  the  existence  of  ore-bearing  parts  of  the  lime-- 
stone  separated  by  greater  or  less  areas  of  barren  rock, 

A  somewhat  different  explanation  of  the  accumulation  of  the 
limestone  and  the  ore  might  be  given,  but  so  far  as  the  origin  of 
the  ore  is  concerned,  the  results  would  be  the  same:  the  SU 
Clair  limestone  may  have  represented  a  coral  reef  around  a  part 
of  the  Archean  rocks ;  and  in  the  quiet  water  between  the  reef 
and  the  shore,  the  siliceous  and  argillaceous  sediments  from  th(^ 
land  and  the  calcareous  detritus  from  the  coral  and  other  organio 
remains  may  have  collected  in  the  form  of  an  earthy  limestone^ 
Such  a  mingling  of  land  and  marine  sediments  can  be  seen  going 
on  within  many  coral  reefs  at  the  present  time,  especially  in  the 
Feejee  Islands*  and  elsewhere  in  the  Pacific  ocean,  and  it  doea 
not  seem  impossible  that  the  same  process  may  have  taken  place 
in  the  Silurian  nea.  This  is  rendered  all  the  more  possible  by 
the  character  of  some  of  the  fossil  remains  in  the  limestone  and 
by  the  fact  that  the  warm  southern  currents,  in  which  the  region 
is  supposed  to  have  been  situated  (see  page  589),  were  favorable 
to  coral  growth. 

The  intervening  water  area  between  the  coral  reef  and  the 
Archean  island  or  islands  would  gradually  become  filled  up» 
swamps  would  be  formed,  and  the  ore  deposited  in  the  way 
already  described.  The  sediments  within  the  reef  being 
composed  of  both  land  and  marine  detritus,  would  form  an  earthy 
limestone,  while  on  the  outer  parts  of  the  reef,  free  from  con- 
tamination by  materials  from  the  land,  the  coral  and  coral  debria 
would  form  a  comparatively  pure  limestone.  This  supposition 
of  a  coral  reef  would  not  only  explain  the  local  presence  of 
earthy  materials  in  the  limestone  and  the  formation  of  a  basin 
suitable  for  the  deposition  of  the  manganese  ore,  but  also  the 
local  thickening  of  the  limestone,  as  it  is  characteristic  of  coral 
formations  that  they  are  thick  in  certain  areas  and  rapidly  thin 
out  at  their  extremities.     A   similar  explanation  might    also 

>>  J.  D,  Dana,  Corals  and  Coral  Islands,  third  edition,  1890„  p.  16<^lfil. 
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account  for  the  thinniug  out  of  the  Izard  limestone  which  under- 
lies the  St.  Clair  limestone. 

A  question  that  naturally  arises  in  the  discussion  of  the 
subject  of  the  origin  of  the  manganese  deposits  of  the  Bitesville 
region  is,  what  has  become  of  the  iron  which  must  have  been 
taken  up  in  solution  with  the  manganese  in  a  district  con- 
taining such  large  quantities  of  iron  as  the  Archean  area  of 
Missouri  ?  The  manganese  ore  contains  some  iron,  but  not 
nearly  so  much  as  it  should  had  all  of  both  ores  been  de- 
posited in  one  spot.  The  only  answer  to  the  question,  therefore^ 
is  that  the  iron  was  separated  from  the  manganese  by  methods 
already  described  (pages  569-573)  aud  deposited  elsewhere^ 
and  that  possibly  it  has  since  been  eroded.  Iron  ore  is  found 
just  north  of  the  Batesville  region  in  a  formation  (Calciferous) 
older  than  the  manganese-bearing  (St.  Clair)  limestone,  and  it 
may  have  been  derived  at  an  earlier  date  than  the  manganese  ore 
from  the  same  source  of  supply  in  the  Archean  rocks  of  Missouri* 
The  deposition  of  either  ore  depends  on  the  fulfilment  of  certaia 
conditions  which  are  only  locally  realized,  and  one  set  of  condi- 
tions will  cause  the  precipitation  of  iron  and  not  of  manganese, 
while  another  set  will  precipitate  both  ores  together;  thus  causing 
the  occurrence  in  some  places  of  one  ore,  elsewhere  of  the  other,, 
aud  in  still  other  places  of  both  together,  ab  already  explained 
in  this  chapter  (pages  569-578). 

Though  the  above  explanation  of  the  origin  of  the  Bates- 
ville manganese  ores  accords  with  the  facts  observed  in  the  region^ 
and  seems  well  within  the  bounds  of  possibility,  yet  it  cannot  be 
stated  with  certainty  to  have  taken  place  until  further  investi- 
gation has  been  made.  An  examination  of  the  country  between, 
the  manganese  region  and  the  Archean  area  of  Missouri,  a: 
careful  study  of  the  latter  area  itself,  as  well  as  a  further  exam- 
ination of  the  siliceous  and  argillaceous  accompaniments  of  the 
ore  in  the  Batesville  region,  will  throw  a  great  deal  of  light  on 
the  subject.  The  above  statements  have  been  mule  with  the 
light  of  but  a  part  of  such  information  and  are,  therefore,  offered 
only  as  suggestions  which  a  more  detailed  investigation  may 
either  verify  or  not. 

88  QMlogiotI;  Vol.  i.,  1890. 


694  AKKTTAL  BBPOBT  STATE  aBOLOOIST. 

Before  leaving  the  subject  of  the  origin  of  the  Batesville 
ores,*  mention  nhould  be  made  of  what  may  prove  to  be  an 
igneous  material.  This  forms  a  layer  from  six  to  fifteen 
inches  in  thickness  immediately  above  the  St.  Clair  limestone. 
(See  pages  127-128.)  Dr.  J.  E.  Wolff,  of  Harvard  CTniversity, 
who  has  kindly  made  a  microscopic  examination  of  the  material, 
has  found  evidence  of  its  possible  origin  as  a  volcanic  ash,  though 
he  points  out  the  necessity  of  further  investigation  in  the 
laboratory  before  the  matter  can  be  dfiBnitely  settled.  He 
de8(*tilH><«  it  as  composed  of  rather  angular,  small,  clastic  grains  of 
quanz  aad  of  fragments  of  triclinic  feldspar,  often  much  bent 
and  rounded,  and  sometimes  angular ;  together  with  deep  brown, 
homogeneous  grains  which  are  partially  transparent,  but 
completely  i^otropic  in  polarized  light.  The  latter  show 
neither  cleavage  nor  crystal  structure,  and  look  like  possible 
fragments  of  a  ferruginous  basaltic  glass.  The  grains  are 
separated  by  thin  films  of  a  green  chloritic  substance.  This 
material  has  as  yet  been  found  in  only  one  locality  and  has  not 
been  identified  actually  in  the  ore-bearing  limestone,  but  the 
microscopic  examinations  so  far  made  have  been  far  too  few  to 
permit  the  statement  that  it  does  not  ezibt,  and  possibly  it  may 
yet  be  found. 

If  further  investigation  proves  the  presence  of  this  material 
within  the  ore-bearing  limestone,  another  possible  source  of  man- 
ganese will  present  itself.  (Seepage  564.)  The  one  exposure  in 
question  directly  overlies  a  depobit  of  ore  in  the  limestone,  and 
might  be  thought  to  have  had  its  influence  as  a  source  of  the 
manganese  by  a  replacement  of  the  limestone.  This,  however, 
does  not  seem  probable,  and  if  the  material  has  had  any 
influence  at  all  in  the  origin  of  the  Batesville  ore  in  general, 
it  has  been  most  likely  by  the  oxidation  of  its  manganese-bearing 
^  constituents  and  by  the  segregation  of  the  manganese  during  the 
deposition  of  the  limestone.  Even  this  action  cannot  be  stated 
to  have  gone  on  until  the  presence  of  similar  materials  can  be 
proved  at  lower  horizons  in  the  limestone.  The  rock  in  question 
gives  only  a  very  faint  reaction  for  manganese  and  could  not 
have  been   instrumental  in  the  formation   of  any  considerable 
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deposits  of  ore  unless  it  was  ia  very  large  quantities,  a  possibility 
that  is  doubtful. 

In  conclusion,  therefore,  it  may  be  stated  that  the 
evidence  at  present  available  points  rather  to  the  origin  of 
the  manganese  ores  from  the  decay  of  the  Archean  rocks  of 
Missouri  than  from  volcanic  debris. 

To  summarize  the  conclusions  arrived  at :  the  Biites- 
ville  ores  were  precipitated  from  surface  waters  draining 
southward  from  the  Archean  region  of  Missouri.  The  area 
of  precipitation  was  originally  a  region  of  comparatively 
quiet  water  bounded  on  either  side  by  rapidly  flowing 
currents ;  this  condition  allowed  the  excessive  accumulation 
of  marine  sediments  and  caused  a  greater  thickness  of  the  St. 
Clair  limestone  than  to  the  east  or  west;  the  detritus  from 
the  land  was  carried  down  and  mixed  with  the  calcareous 
materials;  the  gradual  accumulations  of  these  mixed 
sediments  caused  shoals  and  then  coastal  lagoons  and 
swamps  into  which  the  surface  waters  from  the  land 
emptied,  and  by  a  process  of  oxidation  and  evaporation 
deposited  the  metalliferous  matter  that  they  carried  in 
solution. 

Looking  at  the  conditions  of  deposition  of  the  ore  in  a 
somewhat  difierent  way,  the  St.  Clair  limestone  may  have 
represented  a  coral  reef  on  the  border  of  the  Archean  region, 
and  in  the  quiet  water  between  the  two  areas  were  gradually 
accumulated  the  calcareous  sediments  from  the  sea  and  the 
siliceous  and  argillaceous  materials  from  the  land,  forming 
an  earthy  limestone  in  which  the  manganese  was  deposited 
in  the  same  manner  as  that  just  mentioned. 

SUMMARY    AND   GENERAL   CONCLUSIONS. 

The  conclusions  which  have  been  reached  in  the  present 
chapter  may  be  briefly  summarized  and  discussed  as  follows : 

Sources  of  manganese, — The  manganese  found  in  the  Paleo- 
zoic and  later  sedimentary  strata  has  been  supplied  by  the 
decay  of  the  pre-Paleozoic  rocks  (Archean^  etc.)  and  of  the 
products  of  igneous  action.     The   first  class  of  rocks  appears 
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to  have  heen  the  more  important  source  of  supply  for  the  metal- 
liferous matter,  though,  as  manj  of  them  are  themselves 
composed  of  igneous  materials,  both  sources  of  supply  are 
intimately  associated  and  the  determination  of  the  relative 
importance  of  either  is  in  many  cases  doubtful.  The  supply  of 
manganese  in  the  pre-Paleozoic  rocks  was  probably  derived  from 
still  older  rocks,  though  later  metamorphism  has  converted  the 
ores  mostly  into  silicates;  while  the  ores  of  the  Paleozoic  and 
later  rocks  are  now  mostly  in  the  forms  of  oxides  and  carbonate. 

The  pre-Paleozoic  rocks  form  a  broken  fringe  around  the 
Mississippi  basin,  and  the  most  important  deposits  of  manganese 
ore  yet  discovered  in  the  United  States  are  situated  within  it^ 
or  more  rarely  along  its  outer  border.  The  deposits  of  New 
Brunswick  and  Nova  Scotia  are  situated  on  the  outer  border  of 
the  main  crystalline  belt  of  the  Appalachians,  while  the  roan* 
ganese  belt  of  the  Atlantic  states  is  mostly  on  the  inner  side  of 
the  barrier. 

The  supply  of  manganese  in  the  crystalline  rocks  exists 
mostly  in  the  manganese-bearing  silicates  and  the  less  common 
manganese  carbonate  and  other  minerals  carrying  manganese  aa 
a  more  or  less  important  constituent.  By  the  decomposition  of 
these  minerals  the  metallic  oxides  are  freed  from  the  varions 
mineral-forming  acids,  silica,  etc.,  and  combine  to  iorm  soluble 
compounds  with  the  organic  and  inorganic  acids  which  are  active 
agents  in  the  ordinary  processes  of  rock  decay.  Intermediate 
stages  of  oxidation  and  reduction  of  the  metallic  bases  usually  oc- 
cur between  the  time  they  are  freed  from  the  original  mineral  and 
when  they  combine  with  the  other  acids.  The  soluble  com- 
pounds of  manganese  are  taken  up  by  surface  waters  and  are 
eventually  deposited  where  the  conditions  are  suitable  for  their 
precipitation. 

The  decay  of  the  crystalline  rocks  has  progressed  from  the 
earliest  times  to  which  there  are  means  of  tracing  it,  and  by  its 
agency  a  source  of  supply  of  manganese  has  been  continually 
contributed  to  the  circulating  waters.  It  is  still  progressing 
and,  as  in  the  beginning  of  Paleozoic  times  and  ever  siooe  tben^ 
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the  manganese  in  solution  is  precipitated  and  gradaally  forms 
'deposits  of  ore  wherever  the  necessary  conditions  are  fulfilled. 

The  forma  in  which  manganese  is  depoMed. — At  ordinary 
temperatures  manganese  is  usually  deposited  in  the  oxide  or 
<Mirbonate  form.  Though  many  other  metals  are  deposited  as 
sulphide,  there  is  strong  evidence  against  the  supposition  that 
the  sulphide  of  manganese  has  ever  been  the  original  form  of 
any  considerable  deposits  of  ore  of  that  metal  laid  down  under 
-ordinary  surface  conditions*.  In  this  respect  manganese  differs 
from  iron  which  is  often  deposited  as  sulphide  in  large  beds. 
Manganese  does  not  form  any  sedimentary  deposit  resemblinf; 
the  silicate  of  iron  and  potash  known  as  glauconite.  Consequently 
while  iron  at  ordinary  temperatures  is  deposited  in  four  forms, 
-oxide,  carbonate,  sulphide,  and  silicate,  manganese  under  similar 
<K)nditions  is  deposited  in  only  two  forms,  oxide  and  carbonate. 

Conditions  of  deposition  of  manganese, — As  the  manganese 
derived  by  the  action  of  surface  waters  on  crystalline  rocks  is  in 
solution,  it  is  redeposited  only  where  these  waters  are  exposed 
to  conditions  suitable  to  cause  them  to  part  with  their  metallifer- 
-ous  contents.  These  conditions  are  usually  fulfilled  when  the 
waters  are  subjected  to  active  oxidizing  influences.  The  waters 
of  many  springs,  therefore,  deposit  manganese  oxide  or  car- 
bonate in  their  discharge  channels,  and  river  waters  frequently 
€oat  the  pebbles  in  their  course  with  a  black  incrustation  of 
manganese  oxide.  Deposits  of  notable  size,  however,  are  formed 
only  where  the  waters  remain  stationary  for  a  sufficiently  long 
time  to  permit  the  precipitation  of  a  considerable  portion  of 
their  metalliferous  contents  in  one  place.  Such  conditions  exist 
in  those  bogs,  lakes,  coastal  lagoons,  or  other  local  basins  which 
are  the  receptacles  of  waters  draining  from  areas  of  manganese- 
bearing  rocks.  Precipitation  under  these  conditions,  especially 
in  coastal  lagoons  and  shoals,  has  probably  been  the  origin  of  most 
-of  the  workable  deposits  of  manganese  ore  in  the  United  States. 

In  some  places,  however,  there  is  evidence  that  the  ore  has 
been  deposited  on  the  ^ea  floor,  and  precipitation  of  this  kind  is 

*  Small  quantltios  of  maiixanese  tulphidea  are  foaod  in  certain  nietalliferoua  toIds  and 
«1io  onder  other  circamatancea  (see  p^gea  554-856),  bat  the  conditions  considered  here  are 
Choee  acoompanjing  the  formation  of  ordinary  ledlmentary  rocks. 


\ 


508  ANNUAL  BBPOBT  STATE  aSOLOOIST. 

knowD  to  be  in  progress  at  the  present  time.  The  solution  of 
manganese  brought  down  from  the  land  becomes  greatly  diluted 
in  the  sea  water,  and  would  not  be  readily  precipitated  by  the 
simple  action  which  brings  about  deposition  from  the  much 
stronger  solutions  in  local  basins.  It  is  necessary,  therefore,  to 
suppose  in  the  case  of  deposition  on  the  sea  floor,  either  that 
there  is  some  additional,  powerful  precipitating  agent  which  can 
abstract  from  the  water  the  minute  quantities  of  manganese  it 
holds  in  solution,  or  that  there  is  in  certain  areas  of  the  eea  a 
local  source  of  supply  of  manganese  far  greater  than  exists  in 
others.  With  many  metals  6uch  as  iroo,  lead,  and  others  a 
suitable  precipitating  agent  is  found  in  organic  matter  or  soluble 
sulphides,  which  cause  the  deposition  of  sulphides  of  those  metalf^; 
but  there  is  evidence  tl)at  manganese  would  not  be  precipitated 
as  sulphide  under  many  conditions  which  would  reduce  these 
other  metals  to  that  form.  Moreover  there  is  reason  to  think 
that  manganese,  under  ordinary  conditions  of  deposition,  is 
always  laid  down  as  oxide  or  carbonate. 

As  no  adequate  agent  can  be  found  in  the  sea  water  that  would 
precipitate  the  oxide  or  carbonate  of  manganese  from  the  very 
dilute  solution  usually  present,  it  becomes  necessary  to  suppose  a 
local  source  of  supply  of  manganese  in  certain  areas  of  the  sea  floor. 
Such  a  supply  might  exist  either  in  solution  or  in  a  solid  state.  If 
in  solution  the  difficulty  of  a  precipitating  agent  is  again  met  and  it 
seems  necessary  to  suppose  a  supply  in  the  solid  form.  This 
might  come  partly  as  mechanically  suspended  particles  of  detrital 
silicate  or  oxide  of  manganese,  which  have  escaped  solution  in 
surface  waters,  but  it  seems  more  probable  that  it  was  chiefly 
supplied  by  volcanic  debris,  such  as  has  been  suggested  to  be  the 
source  of  the  recent  sea  bottom  nodules  of  oxide  of  manganese^ 
Small  quantities  of  manganese,  however,  may  have  been  de- 
posited on  the  sea  floor  by  other  processes  already  described  on 
pages  569-564. 

The  deposition  and  segregation  of  manganese  have  been 
proved  to  be  taking  place  on  a  notable  scale  on  many  sea  bottoms 
at  the  present  time.  Moreover,  in  the  rocks  of  past  ages  there 
are  evidences  of  an  open  sea  deposition  of  the  ore :  some  of  the 
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maDganese  ores  in  the  Lower  Carboniferous  limestone  of  New 
Brunswick  and  Nova  Scotia  are  believed  to  represent  such  a 
mode  of  formation,  and  the  manganese  deposits  in  the  nova** 
oulite  of  southwestern  Arkansas*  were  very  likely  deposited  in 
an  open  sea.  The  nodules  or  pockets  of  manganese  oxide  found 
in  many  limestones,  shales,  and  slates,  as  well  as  the  carbonate  of 
manganese  found  in  various  rocks,  may  also  have  had  a  similar 
origin.  All  these  deposits,  however,  with  the  exception  of  those 
of  Canada,  are  very  limited,  while  in  the  case  of  the  largest 
deposits  of  the  United  States  there  seem  to  be  reasons  for 
supposing  that  they  were  formed  in  shallow  water  and  fre- 
quently in  coastal  lagoons  or  swamps.  Some  of  the  smaller 
deposits  were  formed  in  inland  bogs  or  lakes.  If  a  deposition  of 
manganese  like  that  now  in  progress  on  many  sea  bottoms, 
therefore,  were  prevalent  in  former  geologic  ages,  it  does  not 
seem  probable  that,  with  the  exception  of  some  of  the  New 
Brunswick  and  Nova  Scotia  ores,  it  could  have  produced  any 
extensive  deposits.f 

The  three  most  important  manganese-producing  areas  in 
North  America  are  the  Appalachian  region  from  Vermont  to 
Georgia,  the  Batesville  region  of  Arkansas,  and  the  New 
Brunswick  and  Nova  Scotia  region  t. 

The  Appalachian  deposits  are  associated  with  iron  ores 
which  are  supposed  by  J.  D.  Dana  to  have  been  formed  in  coastal 
lagoons.     (See  page  559.) 

The  Batesville  deposits  appear  to  have  been  derived  from 
the  Archean  rocks  of  Missouri,  and  to  have  been  laid  down 
either  in  shallow  sea  water  near  shore  or  in  coastal  lagoons  and 
swamps.     (See  pages  586-595.) 

Some  of  the  manganese  deposits  of  New  Brunswick  and 
Nova  Scotia  are  supposed  to  represent  an  open  sea  precipitation 
of  ore.  (See  pages   567^568.)     In   certain  localities,    however. 


*  This  region  Is  not  to  be  confounded  with  the  manganese  region  of  northern  Arkansas^ 
or  the  Batesville  region. 

t  There  remarks  refer  only  to  the  deposits  of  the  United  States  and  Canada. 

X  Important  quantities  of  manganese  ore  art  obtained  from  the  Leadville  region,  Colo- 
rado, but  the  ore  of  that  district  occurs  under  conditions  entirely  different  from  those  ander 
oonaidarat  ion.    (sf ee  pages  462-468. ) 
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Hcich  as  at  Lich  Lomond  ia  Cape  Breton,  the  mang^Dese-beariag 
limestone  occupies  basins  which  once  represented  small  bays, 
surrounded  by  crystalline  rocks,  on  the  shores  of  the  Carbonif- 
-erous  sea.  It  seems  possible  that  in  some  of  these  places  the 
manganese  may  have  been  deposited  in  shoals  or  coastal  lagoons. 

Association  and  separation  of  manganese  and  iron. — Man- 
ganese and  iron  are  frequently  found  together  in  the  same 
^leposits,  but  they  also  occur  separately.  As  both  ores  are  de- 
rived from  the  same  source,  are  taken  up  in  solution  together, 
^nd  under  many  conditions  are  precipitated  by  the  same 
influences,  their  frequent  association  in  ore  deposits  is  what 
would  be  expected.  Under  certain  circumstances,  however, 
iron  and  manganese  may  be  precipitated  separately,  and  hence 
the  not  uncommon  occurrence  of  deposits  of  each  in  a  state  more 
or  less  free  from  the  presence  of  the  other.  From  the  solution 
of  manganese  and  iron  the  latter  may  be  precipitated  as  oxide, 
and  the  manganese,  on  account  of  a  difference  ia  oxidability, 
may  be  precipitated  afterwards  as  either  oxide  or  carbonate. 
Under  varying  conditions  this  could  cause  either  aa  intimate 
association  of  the  two  ores  or  an  alternation  of  layers  of  each, 
or  even  a  complete  separation.  Moreover,  the  iron  might  be  ab- 
stracted from  solution  as  sulphide,  while  the  manganese,  less 
capable  of  precipitation  in  this  form,  might  be  carried  on  and 
deposited  as  oxide  or  carbonate,  thus  again  causing  a  separation 
of  the  two  ores.  By  supposing  the  iron  to  have  been  sometimes 
laid  down  in  sea  water  as  glauconite,  a  manner  in  which 
manganese  is  not  known  to  occur,  an  additional  means  of  separa- 
tion would  be  had.  Thus  by  changing  the  forms  and  conditions 
of  precipitation  the  various  associations  and  separations  of  the  two 
ores  in  nature  may  be  explained. 

Secondary  chemical  action  in  manganese  deposits. — Since  the 
time  the  manganese  deposits  were  formed  both  they  and  the  enclos- 
ing rock  have  undergone  considerable  alteration,  and  are  now 
found  mostly  as  oxides  in  a  residual  clay  that  has  resulted 
from  the  decomposition,  in  situ,  of  the  rock.  Sometimes,  how- 
ever, the  rock  still  exists  in  an  undecayed  state  even  on  the* 
surface,  and  between  the  condition  of  no  decay  and  that  of  complete 
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decay  there  are  all  gradations.  In  some  plaoes  the  deoay  has 
extended  downward  for  almost  three  hundred  feet  and  in  rarer 
oases  probably  considerably  more.  The  acids  derived  from  the 
oxidation  of  the  ore  daring  decomposition  and  the  nature  of  the 
associated  rocks  have  hastened  the  decay  of  the  ore-bearing 
etratum,  which  has  often  been  completely  converted  to  residual 
clay,  while  the  other  rocks  in  the  neighborhood  exist  in  a  com- 
paratively little  altered  condition. 

Where  the  original  rock  was  horizontal  or  where  it  dipped 
«t  low  angles,  as  in  the  Batesville  region  of  Arkansas,  the 
products  of  the  decay  of  the  ore-bearing  stratum  exist  as  isolated 
areas  surrounded  by  areas  of  the  underlying  rocks;  where  the 
-original  rock  dipped  at  high  angles,  as  in  the  Appalachian 
region,  the  products  of  decay  occupy  well  defined  belts  following 
"Certain  topographic  and  geologic  positions  throughout  the  area 
of  their  occurrence ;  and,  on  account  of  the  ease  with  which  they 
are  eroded  as  compared  with  the  surrounding  undecayed  rocks, 
they  are  generally  found  in  valleys  or  hollows. 

Where  the  ore-bearing  rock  is  exposed  on  the  surface  in  an 
undecayed  state,  it  is  often  in  the  form  of  a  breccia  oemented  by 
manganese  oxide,  an  occurrence  usually  caused  by  secondary 
'Chemical  action  in  the  deposit  subsequently  to  its  deposition. 

Metamorphism  at  low  temperatures  has  but  little  effect  on 
manganese  deposits  except  in  some  cases  to  cause  minor  chem- 
ical changes  in  the  condition  of  the  ore.  Metamorphism  at  high 
temperatures,  however,  has  a  very  marked  effect,  frequently 
^converting  the  original  oxides  or  carbonate  into  silicates.  Man- 
ganese appears  to  combine  with  silica  during  metamorphism 
much  more  readily  than  does  iron,  and  the  ratio  of  the  percent- 
age of  silicate  of  manganese  as  compared  with  that  of  oxide  of 
manganese  in  metamorphic  rocks  is  therefore  much  greater  than 
the  vsame  ratio  in  the  case  of  iron. 

The  ores  of  manganese. — As  already  stated  the  common 
forms  in  which  manganese  is  deposited  are  oxides  and  car- 
bonate. The  carbonate  is  readily  decomposed  and  converted 
to  oxide  by  exposure,  so  that  now  almost  all  the  workable 
manganese  deposits  in  the  Paleozoic  and  later  rocks  exist  in 
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the  form  of  oxides.     Frequently,  however,  limited  qaantitiea 
of  carbonate  of  manganese  still  occur  in  rocks  of  various 
ages.    Such  deposits  usually  show  on  the  surface  a  greater 
or  less  quantity  of  oxide  which  has  been  derived  from  the 
partial  decomposition  of  the  carbonate,  and  they  doubtless 
represent  the  former  condition  of  many  manganese  deposita 
now  found  in  the  oxide  state.    Carbonate  ores  are  found  at 
Placentia  Bay,  Newfoundland;  in   western   Massachusetts 
and  eastern  New  York;  in  the  spathic  iron  ores  of  Penn«> 
sylvania;  and  in  other  places  mentioned  on  pages   553  and 
554.    In   the  pre-Paleozoic  rocks  most  of  the  manganese 
ores   have  been  converted  to  silicates  by  metamorphism, 
though  the  carbonate  and  oxides  sometimes  occur.     The  last 
two,  however,  have  in  many  cases  been  derived   from  ther 
alteration  of  the  silicates.     (See  page  545.) 

THE  QEOLOGIC  DISTBIBUTION   OF  MANGANESE*. 

As  a  result  of  the  processes  of  formation  already  de- 
scribed, manganese  deposits  are  not  confined  to  any  certaia 
geologic  horizons,  but  occur  in  greater  or  less  quantities  in 
many  rocks  from  Archean  to  Recent. 

Pre-Paleozoic  deposits. — The   oldest  known   manganese 
deposits  are  in  pre- Paleozoic  rocks,  where  they  exist  mostly 
as  Bilicates  and  to  a  lesser  extent  as  carbonates  and  oxides.. 
The  silicates  of  manganese  in  the  crystalline  rocks  of  the 
Appalachian  region  from  Maine  to  Georgia,  the  oxides  ot 
manganese  in  the  porphyry  of  southeastern  Missouri,  and 
the  maoganese-bearing  garnets  and   other  silicates  in  the 
central  Texas  region  represent  pre-Paleozoic  deposits.    With 
the  exception,  however,  of  limited  quantities  of  ore  from 
Missouri;  northern  Michigan;  Blue  Hill,  Maine;  and  a  few 
other  places,  rocks  of  pre-Paleozoic  age  have  not  supplied 
any  important  part  of  the  production  of  manganese  ores  in 
the  United  States. 

Cambrian  deposits.  —  The   oldest    deposits   which    have 

*>  The  following  reoiarks  conceming  the  geologic  distribution  of  mangaiMM  areis*- 
tended  to  apply  only  to  the  df  po»ita  of  the  United  States  and  Canada,  and  not  to  other  finvigfti 
deposits. 
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afiorded  commercially  importaut  quantities  of  maoganese- 
ore  in  the  United  States  are  of  Cambrian  age.  These  occar 
in  and  overlying  the  sandstone  or  quartzite  of  the  eastern 
side  of  the  Appalachian  Valley.  The  exact  geologic  positioa 
of  all  the  deposits  of  this  belt  is  somewhat  uncertain:  some 
have  been  proved  to  be  of  Lower  Cambrian  age,  others  have 
not  been  determined  and  may  be  Silurian^  though  no  direct, 
evidence  yet  exists  that  they  are  not  Cambrian.  (See  pagea 
876880.) 

This  belt,  whether  of  Cambrian  or  later  age,  has. 
been  the  most  productive  in  America  and  has  afforded 
probably  over  three  fourths  of  the  manganese  ore  mined  in 
the  United  States.  (See  page  65.)  It  includes  some  of  th6> 
deposits  of  Vermont;  the  deposits  at  the  Crimora^  Lynd* 
bursty  Cabell,  Bagley,  and  other  mines  in  Virginia;  the  de« 
posits  of  Shady  Valley,  Tennessee ;  Warm  Springs,  North. 
Carolina ;  and  the  Cartersville  region  of  Georgia. 

The  manganese  deposits  at  Tete  k  Gauche  Falls,  New 
Brunswick,  are  in  slates  supposed  to  be  of  Cambro-Silurian 
age.     (See  page  515.) 

Silurian  deposits. —  The  lowermost  Silurian  manganese* 
deposits  yet  determined  in  the  United  States  are  those  of  the 
Cave  Spring  region  of  Georgia.  They  occur  in  the  Knox 
dolomite  of  Safford,  which  represents  the  base  of  the  Silurian 
section  in  Georgia.  A  few  hundred  tons  would  comprise  all 
the  manganese  ore  that  has  been  mined  in  this  region. 

Above  the  Knox  dolomite  manganese  has  been  found 
in  limited  quantities  in  various  Silurian  horizons  in  the* 
Appalachian  region,  but  rocks  known  to  be  of  such  age  have 
thus  far  afforded  only  small  quantities  of  ore  in  this  belt. 

The  manganese  deposits  of  southwestern  Arkansas,  ia 
the  region  from  Little  Rock  to  Indian  Territory,  are  prob- 
ably of  Lower  Silurian  age,  possibly  Trenton.  They  do  not 
contain  ore  in  commercially  important  quantities  and  about 
thirty  tons  only  have  been  mined. 

The  manganese  deposits  in  the  St.  Clair  limestone  of 
the  Batesville  region  of  northern  Arkansas  occupy  a  position 
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between  the  Trenton  and  the  Niagara  groups,  that  is,  they  are 
intermediate  between  the  Lower  and  Upper  Silarian.  Next 
to  the  Appalachian  belt  mentioned  under  Cambrian  deposits, 
this  region  has  produced  more  manganese  than  any  other  in 
the  United  States,  its  total  output  being  between  30,000  and 
85,000  tons,  or  probably  between  a  sixth  and  a  seventh  of 
the  total  production  of  this  country. 

The  manganese  carbonate  found  at  Placentia  Bay,  New- 
foundland, is  in  slates  supposed  to  be  of  Silurian  age.  (See 
page  580.) 

Devonian  deposits. — No  commercially  important  quantities 
of  manganese  ore  have  yet  been  mined  in  the  United  States 
or  Canada  in  rocks  known  to  be  of  Devonian  age,  though 
certain  quantities  of  ore  are  said  to  occur  in  rocks  of  this  age 
in  Virginia. 

Carboniferous  deposits. — The  principal  manganese  deposits 
of  New  Brunswick  and  Nova  Scotia  are  in  Lower  Carbon- 
iferous limestone.  These  include  the  Markhamville,  Tenny 
Cape,  Cheverie,  Loch  Lomond,  and  many  other  mines,  and 
have  produced  almost  all  the  manganese  ore  mined  in 
Canada. 

A  deposition  of  manganese  in  Carboaiferous  times  is  also 
represented  by  the  spathic  iron  ores  of  the  Coal  Measures  of 
Pennsylvania  and  elsewhere,  which  often  contain  manganese; 
and  also  by  the  small  quantities  of  manganese  in  other  Carbon- 
iferous rocks  in  many  parts  of  America. 

The  Canadian  (New  Brunswick  and  Nova  Scotia)  deposits 
have  probably  produced  something  under  50,000  tons  of  man- 
ganese ore,  but,  with  the  exception  of  this  region,  the  Carbon- 
iferous rocks  have  not  afforded  any  commercially  important 
quantities  of  manganese  ore  either  in  the  United  States  or 
CanHila.  * 

Triassic  and  Jurassic  deposits. — No  important  deposits  of 
mangunene  have  been  found  in  the  United  States  or  Canudi  in 
rocks  of   Triassic  or  Jurassic   age.     Small  quantities    of  ore, 

*  lii*IK>rtaDt  quantities  of  inangancte  ore  are  obtained  from  theaiWer  depMiU  of  Lead- 
Tille,  which  are  in  Lower  Carboniferous  rocks,  but  these  depoaiti  were  produced  after  the 
formation  of  the  enclosing  rock.    (Se«  pages  462-46S.) 
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generally  of  low  grade,  have  been  found  in  Triassic  beds  (New 
Red  Sandstone)  in  N^w  Branswiok  and  Nova  Scotia,  and  have 
already  been  mentioned  in  this  report  at  Quaco  Head,  Corn- 
wallis,  and  Wolfville  (see  pages  613  and  525),  but  the  ore  has 
been  put  to  but  little  practical  use.  The  Triassic  rocks  (Star 
Peak  Triassic)  of  northern  Nevada  (see  pages  473  and  476)  give 
a  reaction  for  manganese  when  tested  chemically,  and  probably 
a  similar  reaction  could  be  obtained  from  many  other  rocks  of 
both  Triassic  and  Jurassic  ages,  but  manganese  has  not  been, 
found  in  them  in  quantities. 

Crdaoeous  deposits. — The  manganese  deposits  in  the  jasper,, 
or  phthanite,  of  the  Coast  Ranges  of  California  are  of  Cretaceous 
age,  and  include  the  Old  Ladd  mine.  Red  Rock,  the  Saucelito 
openings,  the  Little  Stony  claims,  and  many  other  localities  on 
the  Pacific  Coast  of  that  state.  These  deposits  have  probably 
supplied  about  10,000  tons  of  ore,  though  this  is  only  a  rough 
estimate  and  the  quantity  may  be  somewhat  more  or  less.  With 
the  exception  of  the  deposits  of  the  Coast  Ranges  no  commer- 
cially important  quantities  of  manganese  ore  have  been 
found  in  the  Cretaceous  rocks  of  either  the  United  States 
or  Canada. 

Tertiary  deposits. — Small  deposits  of  manganese  and  man-^ 
ganiferous  iron  are  said  to  occur  in  the  Tertiary  area  of  the 
Atlantic  seaboard,  but  they  are  of  limited  extent  and  hava  pro- 
duced but  little  ore.  One  of  these  localities  near  City  Point, 
Virginia,  is  described  in  this  report.  The  manganese  deposit 
at  Brandon,  Vermont,  is  associated  with  Tertiary  lignites  in 
clay  beds  which  have  probably  beeu  formed  of  materiala 
derived  from  an  underlying  Paleozoic  deposit  and  rearranged 
in  Tertiary  times.  (See  pages  397-398  and  575-576.)  The  surface 
outcrops  of  many  other  Paleozoic  manganese  deposits  may  also 
represent  a  rearrangement  of  materials  before,  during,  or  after 
Tertiary  times. 

The  City  Point  locality  is  said  to  have  afforded  a  few 
hundred  tons  of  manganese  ore ;  the  amount  mined  at  Brandon 
is  uncertain,  though  this  locality  has  produced  many  times  as 
much  as  the  City  Point  deposit. 
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Pleistocene  deposits. — The  maDganese  deposit  near  Golconda, 
Nevada,  is  of  Pleistocene  age.  It  occupies  a  position  in  a  cal- 
careous lithoid  tufa  formed  from  solution  during  the  desiccation  of 
the  extinct  Like  Lahontan.  Thirteen  and  a  quarter  tons  of  ore 
are  said  to  hav«)  been  shipped  from  this  locality. 

Probably  some  of  the  deposits  of  wad  (bog  manganese) 
found  in  the  areas  of  crystalline  rocks  of  the  northern  states  and 
Oanada  represent  Pleistocene  deposits,  but  they  have  been  pat 
to  only  limited  commercial  use. 

Recent  deposits. — In  late  ages  the  deposition  of  manganese 
has  been  active,  and  even  at  the  present  time  it  may  be  seen  pro- 
gressing. The  most  noticeable  instance  of  modern  deposition  is 
the  formation  of  manganese  nodules  on  many  sea  floors  ;  and  lefis 
striking  but  equally  significant  is  the  formation  of  deposits  of  bog 
ore  now  seen  in  many  low  places,  especially  in  areas  of  crystal- 
line rocks  and  to  a  lesser  degree  in  areas  of  other  rocks.  (See 
pages  82-83,  501  and  543.)  Many  of  the  bog  manganese  ores  of 
the  northern  states  and  Canada  are  recent  deposits,  and  the 
gravels  cemented  by  manganese  in  many  canyons  of  the  Rocky 
Mountains  and  elsewhere  represent  a  similar  formation.  The 
bog  ore  in  McHenry  Creek,  Pulaski  county,  Arkansas,  is  also  a 
recent  deposit,  and  the  deposition  of  manganese  at  the  mouths  of 
many  springs  and  on  the  pebbles  of  rivers  also  represents  a 
modern  precipitation.    (See  pages  550-554.) 

Such  deposits,  however,  have  not  proved  to  be  of  any  value 
-as  a  source  of  manganese,  though  limited  quantities  of  bog  ore 
have  been  consumed  in  the  manufacture  of  paint. 

Conchcsion. — It  will  thus  be  observed  that  the  production 
of  manganese  in  the  United  States  has  been  confined  almost 
entirely  to  Cambrian  and  Silurian  rocks  (the  Appalachian  and 
the  Batesville  regions) ;  with  small  quantities  from  strata  of 
Cretaceous  age  (Coast  Ranges  of  California),  and  of  Tertiary  age 
^coastal  area  of  Virgiu?a  and  Brandon,  Vermont)  and  an  insig- 
nificant amount  from  Pleistocene  deposits  (Golconda,  Kevada). 
On  the  other  hand,  the  production  of  Canada  has  been  derived 
almost  exclusively  from  Lower  Carboniferous  rocks  (New 
Brunswick  and  Nova  Scotia). 
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Hence,  though  manganese  occurs  in  rocks  of  almost  all,  if 
not  all,  geologic  ages,  it  is  in  very  irregular  quantities,  some- 
times occurring  simply  as  a  trace,  at  other  times  in  deposits  of 
large  extent.  Certain  horizons  may  be  characterized  almost 
throughout  by  noticeable  quantities  of  manganese,  while  other 
horizons  may  be  equally  marked  by  the  rarity  of  this  ingredient, 
or,  as  in  most  cases,  may  contain  it  in  some  places  and  not  in 
*others« 

The  source  of  mauganese  from  crystalline  rocks  (pre-Pal- 
•eozoic  and  igneous)  is  always  present  and  has  from  the  earliest 
Paleozoic  times,  and  probably  before,  afforded  a  constant  supply 
to  the  circulating  waters.  The  variability  in  the  quantity  of  ore 
in  different  horizons  and  in  different  places  in  the  same  horizon, 
therefore,  must  be  accounted  for  by  the  conditions  surrounding 
depositions  in  different  ages.  It  is  probably  due  to  two  causes 
which  doubtless  varied  in  their  influence  in  different  geologic  ages 
and  in  different  places.  They  are  :  (1)  the  extent  of  the  exposed 
area  of  crystalline  rocks ;  (2)  the  facilities  for  the  deposition  of 
the  ore. 

(1)  In  different  geologic  ages  a  change  in  the  supply  of 
manganese  may  have  been  caused  by  a  difference  in  the  area  of 
'Crystalline  rocks  exposed  to  decay,  and  hence  capable  of  supply- 
ing manganese  to  surface  waters.  Thus  in  early  Paleozoic  times 
a  larger  area  of  crystalline  rocks  was  presumably  exposed  than 
in  later  times,  and,  therefore,  the  supply  of  manganese  must 
have  been  larger  than  when  these  rocks  were  more  or  less 
<;overed  by  clastic  rocks.  Moreover,  in  certain  ages  volcanic 
action  has  doubtless  been  more  active  than  in  others,  and  as  the 
materials  produced  by  this  action  are  sometimes  an  important 
source  of  supply  of  manganese,  the  deposits  of  ore  of  this  metal 
have  probably  sometimes  been  influenced  by  the  greater  or  less 
abundance  of  such  materials.     (See  page  543  and  564.) 

It  might  be  said  that  younger  strata  had  a  source  of  supply 
of  manganese  in  the  older  clastic  rocks  which  had  already  de- 
rived a  certain  amount  of  manganese  from  the  crystalline  rocks. 
To  some  extent  this  is  true,  but  for  reasons  given  on  page  573 
the  crystalline  rocks  are  by  far  the  more  ready  source  of  man- 
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ganese  for  c^edimentary  deposits ;  and,  if  other  things  were  equal^ 
the  amount  of  that  material  supplied  to  circulating  waters  would 
depend  largely  on  the  area  of  crystalline  rocks  exposed. 

(2)  If  the  influence  just  mentioned,  that  is,  the  extent  of 
the  area  of  the  crystalline  rocks  exposed,  had  been  the  only  one 
affecting  the  formation  of  manganese  deposits,  the  problem 
would  be  a  simple  one;  but,  though  the  ore  is  dependent  on  the 
crystalline  rocks  for  its  presence  in  later  sediments,  yet  the  vary- 
ing facilities  for  the  deposition  of  the  ore  have  probably  played 
a  far  more  important  part  in  the  localization  of  the  deposits 
than  has  the  difference  in  the  exposed  area  of  crystalline  rocks. 
In  all  geologic  ages  there  have  probably  been  sufficient  areas  of 
crystalline  rocks  in  process  of  decay  to  supply  a  source  of  man^ 
ganese,  but  it  is  only  when  certain  sets  of  conditions  are  fully 
realized  that  the  ore  is  deposited  in  appreciable  quantities,  while 
elsewhere  it  remains  in  solution.  As  a  result,  the  waters  of  a 
certain  area  may  receive  a  large  quantity  of  manganese  and 
form  no  deposits ;  while  in  another  place  where  the  conditions 
are  suitable,  waters  receiving  much  less  manganese  may  form 
large  deposits.  For  example,  if  the  metalliferous  solutions 
drained  into  an  open  sea  an  immense  amount  of  manganese 
could  be  retained  without  allowing  any  precipitation;  while  if 
much  less  strong  solutions  drained  into  bogs  or  coastal  lagoons,, 
where  they  would  be  exposed  to  active  oxidation,  sometimes 
assisted  by  evaporation,  the  conditions  would  be  fulfilled  for  the 
formation  of  extensive  deposits  of  manganese  ore. 

It  is  evident,  therefore,  that,  though  the  presence  of  man- 
ganese in  formations  of  various  ages  is  largely  due  primarily  ta 
a  source  in  the  older  rocks,  the  variations  in  its  geologic  distribu- 
tion, and  in  its  geographic  distribution  in  a  given  geologic- 
formation,  are  dependent  almost  entirely  on  local  conditions  of 
deposition. 
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Jr..  cited ^...^^ 59.  874,  391 

fioAnano,  O.  0.*  analyses  from. m. - ..»..  506-506 

Hofmann,  cited... ^ 54 

Holland,  production  manganese  ore  in » 78 

tract.  Ark 277 

Holly,  A.  L.,  cited 22 

Holstein,  F.,  claims,  Ark „ 888 

Holston  Mountain,  Tenn.,  manganese  on 414-416 

Hoosao  Mountain,  Mass.,  manj^nese  on „ 890 

Hopewell  Corner,  New  Brunswick,  manganese  at ^ ^.  514*515 

Hopkins,  T.  C  ,  cited. 114, 128, 125, 130 

Hornblende,  manganiferous » ».» „.  76,545 

Horse  Mountain,  Texas,  manganiferous  garnet  at „ 488-484,  441,  445-f47 

Horsford,  E.  N.,  cited. « ~ „^ 2 

Hot-shortne«s,  eOect  of  manganese  on,  in  steel 21 

Hot  Spring  county.  Ark.,  mangranese  and  iron  in ^  801, 802,  803,  808,  819,  837-840 

Springs,  Ark.,  deposition  of  manganese  by 885,  551 

Mountains,  Ark.,  (see  Ouachita  Mountains.) 

Houston  mines,  Va „ 407-408 

aHow,  U.,  analyses  by ^ 500,  501,  524 

cited 91,  98,  504,  518,  519 

Howe,  Henry  M.,  cited ^ 20,21,22,26 

Huebnerite.... ^,^....  76,  94,450,  456,469,  477 

Hull  and  Park  claim,  Colo.,  aoalyses  of  manganiferous  iron  ore  from. 464 

Geo.  W  ,  claim,  Colo.,  analyses  of  manganiferous  iron  ore  from 464 

Hamboldt  RlTcr  ralley,  Nev.,  manganese  deposits  in 469-176 

fiumic  acid  as  an  agent  in  the  decay  of  rocks. ^ 546 

Hungary,  hauerite  with  gypsum  in „ 76,  555 

Hunt  tract.  Ark „ ., 287 

Edward,  tract.  Ark ., 237-288 

T.  Sterry,  analysis  by. 531 

cited 84,  580-581,  548,  549,  554,  576 

Huntingdon  county,  Penn.,  manganese  in 400 

Hureaulite 76 

Hydrochloric  acid  as  an  agent  in  decay  of  rocks ^ 546 

Idaho  Springs,  Colo.,  manganese  near « 552 

Igneous  action,  brecciatlon  by 588-534 

rocks  as  a  source  of  manganese 589,  548-544,564-569 

in  Batesrille  region.  Ark 127-128 

on  Quaoo  Head,  New  Brunswick ^ 615 
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Illlnolt  Steel  Compeoy,  aoalyMS  \>j ...^^ ^ » ie2-16S,  224,  227,242,  245, 2e2 

Import*  of  ferro-meogBDeee  and  splegeleieen  Into  the  United  Statce^.^....^ .^^ ^^  2S-2» 

maognneee  orre  Into  Belginni •.•m«...m« •»••••••••• -.....•m.— • 74 

vauaiia*, ,»»«»•«»•»•  .•••««,,,„„,«.«•»».  »«»»■»»■■«»»»»««»«««»»»»»—„,»,,«««»«»»««       #3 
f  i>wciem»»»»«»o»»««»« »»»»««»««»»»,,,»,»— »««»»«» »»»«»««»«».,,»««»»»«  ••••••.,.,,,       t^ 

ueriuBiiy  •••••••  »»>»■«««■—»«««—»««««»»»«»  »»»«^« »«»»««»»»»»»»»»»««»»« ,«»»»« ««m.      74 

Gx«at  Britain ^.,.„ „ „ .^     74 

United  8tatet».......^»^ ^ ^ 60-72 

Independence  oountj,  Ark.,  (for  manganeee  depoait«  in,  lee  Batetrille  region)  99,10t,2S5 

ezplorationa of  D.  D.  Owen  in..M..........»^^MM.........^ ^    101 

IrasDnrif,  vt.,  manjaeeee  at».»»»»<»»»»«»»»»«»«»— —»——«»»«»»««»«——»—««»»««>»«»«»■■■««■■.■»«»««««««.»«,,.«». «««m«    39^ 

Iron,  allojs  of  manganeie  with,  (epiegeleiaen  and  ferro-aangancee)  ^-^^ ^ -.^  »-12 

and  confer  with,  (Duuiganee^broikae).^...^ ..m*. •^••m...     M 

aaMeiation  with  and  eeparation  from  manganeee  In  nature..^^.... .•.^...^..«...  680-971 

Qeposiiion  oi  u  namre*  •»»•»♦—»»«——«.•«»•»»«»»*»—«'»«»««——«»»»»■»«■»•«——«»«»»«»«—»»»»»»«».«»«——  ooi^oei 
eiwct  of  manganeee  on ••  ■  ,—«»«»—■«»—»—«»»»»——»»»■»— «»^«,— •»««»«»«»— ———■■■■■i»«»»»—— «»»«—»»  194/ 

Mountain!  Mo«,  decay  of  seeks  at^— — «— «»««»■»■»• •••••••••••••....•••m»mm..  .............  510 

on  tne  lea  BoorM»«»»«— »«—, nn» »»««»♦»«»»»»»»«««»»«»»—«»———«•»———»»««»»»««»——«»»«»«»»«,— »»,,a»,^«—  vel,oDf 
orts  in  Arkanaat 8l5-tl7, 828,  882,  SS8,  885-886, 880-840,  848-880,  85»460,  881-868,  860,  87t^ 

Madras  dietrlct  ( Woots  ore)  use  of  In  the  mannfactore  of  steeL..^...^ ..^.     IS 

Aeoneseee,  pnaoy  vaiiey     »»«»»«»——■■«»«■—  «»■■■«—»■■—»«»»»»—»——«»*—««»«»«—«»«»»»»«««  4ie"4ie 

vek'moo»»»««««««»»>—«f  »mM »».•«>»«»»«»■■»»«■»»■»— •  >••••«••••••••••••■•••••■•«•*••••••  wA,  9VO,  evv,  e^^ 

vii^gioia  ««»«««»»»»«»»«»»»«>«»■■•»»«»»•—»»«»—««»•»«——•«»»»««.•«»»»»«»»—»»««••—•«»■«■««  euD^  eiM^  evi,  wie 

oxide,  d^poeitl on  of  in  nature.  ....«..«.mm«  —,*•.•„,,» mm»*»««*m«m..m.««mmmmmm.m    550-661 

eoect  01  manganeee  on  in  Bieei««««»*»a»**a**»*»M«***«»»**»a.»»»«*««*««a*»«a««*a««»M«*. .«*«.••■••«•••     zo 
IroQton,  Ptfnn>,  lignite  at  .•..••••••.■••••.•••••••••••  .m*** ••••■•  •••■•••••••mm  ••m«m«-««>m .•••••••••••••••••  ....•mm    897 

BDanganeee  a>M ••••■••••  ••••■•■••••••••  ••••••••••••••••••••••••  •••■•••■•••••••  ••••••  »••«•«»««•»•»%«  ••••••  ew^sui 

Italy,  exports  of  manganese  ore  from ....••••••m.—.m— •m..».. -^ — .     74 

producti<m  of  manganete  ores  in.M..^.«^.M*«^.....«.*..M*M^M^M*^*<^^>^«»»«<««.^..^*^**<*M«.. 73 

Ixard  onnty,  Ark»^..  (for  manganeee depoelU  in,  see  BateeTilie  region^)  -....•...mm.  99,  108, 266 

limestone,  age  oi« ••••••••••■«  ••*.—•••••••• -••••m**. ••...—•••••••••••••••••••••.••••..••..•••.••.. •••«.•  lUt,  112— lis 

nature  oiM.»»a* ■«,««.•.••••.»••.«»•..•««•••••••>•••«•»«—...•».»••»—....»»»•.•»••••••••••......»«»«  izi-ize 

origin  of».........^^^^^^^^^^»^«^^^— —»■»•••»•......••»..— •«»«»«»««»•••••«■»»•»..••..  ••••••......•••iDBt-ovv 

ji^K  Mountatn,  ikrK>a>  .•••••••*.•••••.••••••..•••••••.••......••.••••••••..•••■•...•.  •....«.«•••»•••••..••...».»■.•«•»•«•..«    837 

Jackson  county,  N.  0.,  mangauese  in- „••.—.-    418 

\j»  ''•t  aoaiysis  oy ••••••••.••••••  •.••••••••...•  »•....»...••«•» «.•••»•»•  ••••••.....••.••.....«•••••••— m.««^ ••..••    vni 

C«  vOO^  •••••••••••••••••••*•■••  >••••••••••••••••.•..••>■•■••••..••••♦.....••».....  •.«••.  •.••..•.•...•••••••«•«••—      09  L 

R.  2a«  o«,  cite€i»»^> ••••••••  ••*.....••••■•••••••••••  •••»••.»••••••••..••.•—«•«•••«.....•.»••«••..—.—  .....•••••.    0<s 

Jacksonportf  Ark* •■•••...••••••••••••••••••••••••••••••••••••••  ••••••••••••m ••••••••••....•■•.•.—...•.•••••• ..,,.. ••••.—..«    JSv 

James  Rifer  Valley,  Vs.,  manganese  deposits  in.. m.m....— ............  874,  880,  402,410-411,  412 

J||fD90tOWD,  Arlc...>«  •••••••••  »«»•«««•««••»•«»»••••••••»••»■.•..  »«««•«•••••>»•••«««««..••»•........»»»«•»«»...»...•«.. .••««•     zw 

Jasper  of  (Toast  Kanges,  \jai».«»,»^.»...M ■.»••«••.......••.....»»«—•..•...«»«••••»•««••» ••.«....•  swi,  eos,  ess,  48o,  eso 

Juvolle,  France,  cttiorioe  worxs  at. ,•,.«••••«—.•••••.—...••.••«••.••••»••. ••••m*«*....mm^«^m^^.^..*......«...m  4, 4S 

Jeans,  J.  8.,  cited - -•- mmm ....^  12, 14, 18,27,20 

Jeddore,  Nova  Scotia,  wad  at •••••.-.•.••••••••••..—-...•.-• •.mm.m«....m****mm«.....mm    602 

Jefferson  county,  Va.,  manganeee  in.. •««.—•••..••.••••  •••m«m«^«» •....mm.mm.m.m- ....mmm    400 

Jenoey,  ^f*  ^^i  ci teo ••••».»•.»••••»•••••—.•»•»•••••••»•  ••••••—•..••M.««»«»»«»«t »•••••—«»•»«•»»•»».•»•.....•.•... ........    izo 

John,  cited. ••••••••••••••••  •»««»•«•.....•••.....—.■«»•••«»..••»••••—•*—•»•—«•••—.«—•.•••»•»•••  •••.Mni—mi«— ■«■■■»•«.       v 

Johnson  county,  Tenn.,  manganese  depoeits  io^.. M....M...-.M...M.»MtM -.mm.mmm  414-418 

operations  of,  at  South  Wallingford  mine,  Vt... ....... m.«mm mmm ...mmm    888 

Jones,  Bad,  claims,  Arx ........»»....«».»v« «..•.....• —••■m»»^«m.» .«.«•.—..••— »«»«i« «■■■»■■■« ■■■■■■  aiMasaM  *''i  eee-vso 


TNDEX.  625 

Jordan  Moaotaio,  New  Brunswick,  maDganest  at. „ 59,  497, 515 

Jalian,  A.  A.,  oitcd^ ....^^ 646, 550, 554 

Jumbo  pit,  ArlL. ^.... 809 

Jarasaie  rockt,  diatributioD  of  mangaoeae  in..^....^. »........m......mm m.^.........  604-60$ 

Kalinka,  Huogarj,  bauerite  at. m^......^ ^ 76,  552^ 

■■  aooi xc»» «.»«»»»...«»»«»»»»....«..««»»»»««»»»»»« m««»«»,,, ...... ........... ......... ,.....«.»»» .•........,«•.«*•......»..•«.*.*••.      70 

Katahdio  Iron  Works,  Me.,  um  of  silicate  of  manganese  at Z99^ 

Keilj  bank,  Va ^..»...« m^.....^.....    40» 

tract.  Ark.. » 287 

Kennedy,  S.  B.,  superintendent  of  the  Southern  mine.  Ark.. , 117 

mine,  Va mm. ^ ^ 874,  409 

Kenriek,  E.  B.,  analyses  of  manganese  ores  by.....^ ^ 5u6 

Kessler,  cited......^ ^ 88 

Keystone  Manganese  and  Iron  Company,  snalyiee  from..........MM.....M. ^ 162-168,  268 

operations  of  in  Ark.,  62, 68, 106, 219, 260, 261, 269, 279,  S92 

Killebrew,  J.  B.,  cited.. ^ » 414,  416 

King,  Clarence,  cited 478 

Kings  county.  New  Brunswick,  manganese  deposits  in,  (see  MarkhamYille,  Quaco  Head, 

Glebe  mines,  etc) mm 507, 526 

NoTa  Scotia,  Lower  Carboniferous  rocks  in........MM 517 

Kingston,  N.  M.,  alabandite  at m 450,  465,  566 

manganiferous  siWer  ores  at. 46& 

Knapp's  ranch.  Gal.,  manganese  at » 494 

Kneb«!lite„ m m.m 76,645 

Knox  county.  Me.,  manganese  in ». 889 

dolomite  (SalTord) » 880,  417,  426, 680 

KnoxTille  beds,  Coast  Banges,  CaU 480,  485 

mine,  Arixooa.. m mm.......m 467-468 

Kochbrunnen,  Wiesbaden,  Germany,  deposition  of  iron  and  manganese  by  warm  springs  of 

568,  570471 

Kotbmann  tract,  Texas m mm 482,484-489,  441,448-445 

La  Have,  Nova  Scotia,  wsd  at m. m » 602 

Ladd,  A.  S.,  Opfrations  of  in  California ..m » 61, 479,  486 

Old,  mine,  CaL ; » 61,  479,  486-487 

J^ady  Franklin  mine,  New  Mexico m 465 

Lafferty  Creek,  Ark m 210,  265 

manganese  deposits  in  basin  of m. m 255-286 

East  fork  of «. 210,  265 

manganese  deposition  in  basin  of  m...m «  256-288 

West  fork  of ^ ^ 210,255 

manganese  deposits  in  basin  oL».... 278-S86 

Lagoons,  deposition  of  manganese  in.. 658-659 

Lahontan,  Lake,  manganese  in  basin  of m m. m. mm 474-475 

Lake  City,  Colo.,  manganese  at. mmm 464 

Superior  region,  production  of  manganese  and  manganiferous  iron  ores  in 66,  67,  89 

Valley  mine.  New  Mexico m 465 

Lakea  deposition  of  manganese  in m.. » mm...  658-559 

Lampadite m. m m m 82 

Lander  county,  Nst.,  manganese  in m m 476-477 

Lapham  mine.  Ark mm 260,276 

Laogborn  mine,  Ga m „ 420-421 

Laytonmine,  Ga... 61,  421-422 

Lead,  alloys  of  manganese  with 7,  88 

40  Geological;  Vol.  i  1890. 
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Lead,  In  inanganlffroaa  siWer  ores  of  the  Rocky  Mountalm. 449,  454 

Leadville,  mangaD^se  and  luanganiferous  iron  deposits  of 44S-4A0,  4€2-464 

poiphjrj 4^ 

Leader  Moantain,  Ark.,  maoganeie  and  iron  on 308,  805,  954,  357-^58 

Leblanc  proceas 44 

Lee't  Mount  Jin.  Ark 123,  212-218,  2S6,  237 

Letts  mine,  Virginia,  (Mt.  Athosmine)^ 412 

Lehigh  eountj,  Penn.,  lignite  with  iron  in 897 

manganese  in 400 

Leclanch^'s  batterj,  use  of  manganese  in 7,50-52 

Legal  Tender  Hill,  New  Mexico,  manganiferous  iron  ore  at 449,465 

Leaoir,  N.C,  manganese  near 413 

Lesley,  J.  P.,  cited 3U7,  398,  576 

Lewiii^renx,  Leo,  cited... 397 

^rertftt.  Mass.,  manganese  at 390 

Lewis  ca/,  Cape  Breton,  analysis  of  bog  manganese  from 506 

county,  N.  Y..  manganeje  in 899 

H.  C,  cited 397,393 

lands,  Gunnison  eouoty,  Colo.,  manganese  on 456-458 

Lexington  mine,  Butte  City,  Montana 453 

Llevrite.. 76 

Ligbtfoot  Springn,  Ark.,  iron  ore  at 339-840 

Lignite  in  iron  and  manganese  deposits.. 897 

Limestone,  as  a  precipitant  for  mangAneie  and  iron 560-561,581-582 

transformation  of  to  gypsum  in  Nora  Scotia.. 534,  586 

Limonite... 229,239,815-317,500,520 

Lincoln,  New  Brunswick,  wad  at 5U2 

Line  Mountain,  Ark.,  manganese  on 819,841,  342 

Lltbiophillte 76 

Lithographic  stone  in  laard  limestone,  Ark 122 

Llthoid  tufa,  Nev 475 

Little,  Henry,  claim.  Ark 839-340 

Manganese  Mountain,  Ark.,  manganese  on 371 

Missouri  Rlrer,  Ark 342-343 

Mmniaios,  Ark.. '. 303 

Musgrovc  Mountain,  Ark.,  manganete  on 353 

Stony,  Cal.,  manganese  near 490-491 

Llano^oounty,|Texa8,  manganese  deposits  In.... 432-434,  445-147 

L)chaber,  Nova  Scotia,  wad  at. 50t 

Loch  Laird  (Buena  Vista),  Vs.,  manganese  and  iron  deposits  at. 406-407 

Lomond,  Cape  Breton,  manganese  near 69,497,506,516,  527-529 

Londonderry  mine.  Nova  Scotia,  manganiferous  iron  ores  at 529 

Long^Creck,  Ark.,  manganese  on 355,336 

Louisi  county,  Va.,  manganese  in 412 

I»iiisburg,;NoTH  Scotia,  wad  at 502 

Ltick'Sure  mine,  Tombntone,  Arizona 468 

LuclcyCuss  mine,  Tombstone,  Arizona 46s 

Lump  ore  In^he  Bateiville  region.  Ark 156 

Lunge,  Geo  ,  cited 41,42,43,44,45.46 

Luftter's  Spring,  Ark 109 

Luxeull,  Springs  of,  depoaition  of  manganese  oxide  by 551 

Lyman,  B.  S.,  cited 576 

Lyndhurst  mine,  Va 874,  877,  405-406 

Macomber,  W.  S. ,  t ract ,  Cal 492-194 

Madison  county,  N.  C,  manganese  in 418 

Magdalen  Islands,  Canada,  manganese  on ...m........ «»•■..» 506,  580 
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Magnft  Charta  mine.  Montana „...« 4SS 

Magnenat,  L.,  analjsea  by „ ^ 441 

Magneaium,  alloys  of  manganese  with ...» ». ^ 7,  87 

Magnetic  iron  ore,  association  of  mangaolferous  garnet  with „ »»  440,  585-586 

Jiaid  and  Henrietta  claim,  Colo.,  analysis  of  manganiferoas  iron  ore  fro!n......M. 464 

Maine,  manganese  in » 872,  879,889-890 

production  of  manganiferous  iron  ores  in ^.^ ^ 67 

Maitland,  Nova  Scotia,  manganese  at ». 517 

Malachite,  at  Tombstone,  Arizona .«« 468 

Mammoth  district,  Nov.,  huebnerite  io » 94,  450,  469,  477 

Maoganates,  ase  of  manganese  in  manufacture  of ....„ » 7, 58 

■Manganese  and  Iron  Company  of  lialtimore 409 

association  of  with  iron  in  nature „ 569-578 

blende,  (see  alabandite). 

bronze ^^» .^ 6,  7,10, 88-86 

brown »..  54-55 

carbonates ^ ».. 1,2,  84-85, 184,  880, 

530-531,  (see  rhodochroeite,  diallogite,  manganocalcite). 

change  of  to  oxide » 580-581,  582 

formation  of 553-554 

carburet  of,  use  of  in  steel ».      18 

deposition  of  In  nature 557-569 

chemical  relations  of 589-586,  595-602 

deposits,  action  of  metamorphism  on »..  584-586 

brecclation  in ....- » 820,326,  532-538,582-584 

chemical  action  in.. ^ 167-208,825-826,  885-888,  895, 

897-898,  487-439,  582-538,  578-586 

of  Alabama „ 481 

Arkansas »..  99-871 

CalifornU „ „ 478-495 

Canada 496-588 

Georgia « „ „.  417-431 

Maine,  New  Hampshire,  Massachusetts,  Connecticut,  and  Bhode 

Island ., „....  889-891 

Magdalen  Islands ^^ ..» » 531 

Maryland » .^ „ ^.^    401 

New  Brumwlck » 496-516 

New  York „ 399 

Newfoundland „ 530-681 

Novaiteolla 496-507,516-529 

Pennsylvania „ 899-401 

Quebec 531 

Bocky  Mountains 448-468 

Tennessee 414-416 

Texas ^ 432-447 

Veruiont „ „ 391-399 

Virginia ^  401-412 

origin  of „„..  539-608 

•distribution  of  In  Arkansas „ .'. 99-100 

North  America^ 57 

effect  of  in  steel 19-24 

formation  of  Silicates  of  by  metamorphism.. 584-586 

forms  of  deposited  at  ordinary  tempeiaturee  ....„ 650-557 

garnets 76,  488-439,  545 

green..... ••••,(.«.«•••••(,,««••••.•.....»••••••••.••»....••  M.*«M..M....M...M..>...«.M*.*.«*«.  ....•*••.•••(      06 
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loM  of  in  mapofactuf  of  spiegeleiMii  and  f«rro*iii»ngaD6se 11. 568, 5M 

mining  io  United  8Ute«  and  Oaoada............,.^.......^ ^ 57-64 

lioantain,  Polk  oounty,  Ark^ m.........».«mm .^.......mm.......^...... 865-S8S- 

OsW  «............«>.»»»........»««——»»»■■■»»»»■■»..»«.•—»»»««»»..<««..« T  — -------11 .■■«»»»■  Tiim 1..       1^*1^^ 

exports  o'  from  GAoadaM..M. »....•»..».••««• 71 

United  BUtee...^ .«.. 68-€»< 

Tarioui  other  ooontriofl...^.^ .«.« ^.,.     74 

geologio  dlatributlon  of»..M*MM«M............. ......»•» ^ 602-tfOft 

Importa.intoBelgiam...................^ 74 

\/anBua. ....*.....••••••«•••.*•••«••■•••••••*••••.•...•••••••••••*•.•  M.M..  ....m.^.     7» 

"rence..»«»>»>«»»»ttim»«.«.«.....  ••••#••••■•••. •....•..•......•.•••m...»......>....     74 

Germany ^ ...^.^ 74 

uniivQ  oiaie^.«....M...  M.*»wa«M..*»M....... ........................ .....m..  o^tz 

of  Appalachian  ngion«M«»M  •••••«••  .»...„.» mm — S80-n4 

oaieaTuie  regionf  ArK....M.««.«*»«M*«... ..#•••••••••.••...•.....*..•••••••••. ............  i4^i6o 

California  m*«mm«.«*mm« mm«....mmmm 480-481: 

Oinada  .m ..m* —•—•,•»;, .m....mm«....  499-535 

Rocky  Monntai ni ......... ...m - ,-,», .mm.^ ....m...-  448-451 

■oathweetem  Arkantas » mm.. m.m........m..m.m...mmm  818-820 

jrezaBaacM........ •.••••••••••••••••••■••••••..••••••••••••••••••••*.....■•.. ...M... .....»•...»  ^bx— 44t 

produotion  of  in  Canada......M. mm......m.m.mmm mm. mm*.  71,  72, 7^ 

u Diieu  OMixeB........... *.....•••. .MM..**.. ............ ....M.....M....  vC^B- 

™*r*Q>  »**...******«»«.*.•....»*»»*»«»»««»..*........*............  .....MM......      7w 

Taluation  of  for  mannfactore  of  ■plegeleiaen  and  ferTO-mangancfle....M  8, 157-15S- 

oxidising  purposesM.M.M.M...M ....mmm. m.m  8,40-48 

OXideB.M 77-88, 144-166,  818-815, 880-884,  482,  488,  448-451,  470-471,  480-488, 

499-508,  (see  pTrolosite,  poUanite,  psilomelane,  braanite, 
manganite,    manganosite,  pyrochroite,  pelagite,  and  wad.) 
xormauon  oi**....m.........**.*.m...........m..m.«.m..*.. ....«•■•.....•..•. ...............  woo-oOB 

reiauons  ox  m  naiure*....  ........*....*»*»*...« .................  .*.....«............«««»  v4i— vwi 

peroxide,  commercial  Talae  of mm..m.m*m.m m..„...mm  8,  40-41, 8(/7, 508-605 

piiospnaies*..»..M..»....M......  **.***.»****.*«*  .*...M..».». **.*»........«■»«■■■.»............*..«»».».. .«..,«     to- 

separation  of  from  iron  in  natare...... mmm. mm. 56SMS78 

8ilioates......M.»MM«.....MM...MM.«.........«MM.  66,  75-76,  85-86,  879,  889,  54S,  545,  546. 

(see  rhodonite,  garnet,  tephroite,  etc), 
formation  of  by  metamorphism..  ....mm............m*.*.......m.......m.m.......  5B4-586* 

in  BiagM............ *«.....•..... a. .......... ........... ..***.*.......... .......  XI,  oss 

sulphate,  nseof  in  mediolne«...**M****...*..**.M«.......M...MM...MMMM...MM.M.........MM..     56 

salphidaaM..MMM. m........  76,  460,  644-666,    (see  alabandite  and  hanerite). 

formation  ox  in  nature.<........*MM*M.M«M....MM.*******M*.*....M<...MMM....MM.    555 

in  copper  '"™^^^  ttitTtnttmi-    t t-TTi--TftTTitmin-.....>.n..m    ^^i  ^dS 

tungBtates.MM mm.....mm  76,  94-96, 450, 456,  (see  hnebneiite,  wolfraflsite,  etc). 

nses  oi..*»*.M....*.... .»*».**»»..«....«...*.*...»..»*»»*.***«.***.... ..M.. *...»...•.«*..*...■■  ■!»■... ..M.. »***.*  i-oo- 

ji£np>^wifftroiia  Iron  orss.*........*....** »*......<.........«..*»■»« ■*»"«««*...m»im.. »*»............**......,..... »....«  o7-<iv 

xormavion  ox.......m  ......... .......... ..*.*.... .......... »..........«.«««a9a^ ......  oos^vTS 

in  A ppaiacnian  region^—. ...... .....m.-... ............ .....m...*. ...... ......  hb-sbs 

YenDOIIb  ..w. ....*••........... ..a.......*.. .........    Wr,  #9M 

T.l^tHlSi 111...... ..a............ —.....«...».     W,   VWl,  e^^ 

A rxansas................................ .....««..»«■■»»■■«.«..*........««».. ...imt.  wi,  «^u 

C/OioiaQo............»......«.....mm».»nM»ni«—.— .................. .....  ev,  ecv,  esv 

M  icnigan  .....»..♦#...**>...»....»  iuMMMj.M.. ..».—— 
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Colorado ». ..^^...^  448-4S0, 462 
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Mine  Creek,  Ark.,  manganese  near 37(p 

Minudie.  Nora  Sootia.  manganese  at...».... ^ 525 
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Moo«e  Brook  mine,  Nora  Sootia........ .«« « ^ 52i 
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Morococha,  Pern,  alabandite  at 55S 
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Morristown,  Tenn.,  manganese  near.. ....^.a.......    41ft 
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Mt.  Airy,  Ga.,  manganese  near.. 424 
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New  Zealand,  exports  of  manganeae  ore  from mm*...........m*.......... ......... ..m. 74 
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North  Arkansas,  manganese  deposits  of,  (see  BatesyiUe  region). 
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Mary,  seignorj  of,  Quebec,  wad  in^ ^  402 

Rolloz  chlorine  works ♦ 5, 17,  43,  45 

-Stansiead  lowoahlp,  Quebec,  wad  In «. 5#2 

Staaafurt,  Sazooj,  manufacture  of  bromine  at ^ » 48 

-Staurollte,  manganlferous.. „ ^ ^„.^ ^ 76 

8teel,  Hadfleld'a  manganese „ ^ « 25-27 

use  and  eflTect  of  manganeie  In,  (see  manganese)... «^....„.« 19-24 

Slerliog  Hill,  N.  J.,  maogAolferous  zinc  ores  at G3,  91-93 

-Steuben  Vallej,  Colo.,  manganese  io 451,459-461 

Stevens,  J.  W.,  operations  of  ai  Tennj  Cape,  Nora  Sotla ^ 51S 

•Stock's  Mills,  All.,  manganese  at 431 

Stukes  county.  N.  0.,  manganese  In ^    413 

Stone  county.  Ark.,  manganese  in ^ 215,  257,  287-2S9 

Straight  Greek,  Ark.,  manganese  near ^ 355 

Strawberry  Rlrer,  Ark« .....«•. ^ « 109,  209 

Sullifan,  Oonley,  claim.  Ark „ 319,  339 

Creek,  Ark „ 210 

manganese  deposita  in  basin  of.. 285-248 

-^Sulphide  of  manganese,   (see  manganese  sulphide). 

iron,  formation  of 554-555 

lead,  formation  of 562,563,591 

Sulphur,  efTectof  manganese  on  in  steol ^....     21 

Sulphur  Bock,  Ark 299 

Sulphuric  acid  as  an  agent  in  the  decay  of  rocks 546.579 

Sunbury  county.  New  Brunswick,  wad  in „ 503 

Surry  county,  N.  C,  manganese  in ^ 413 

Sutherland's  Brook,  Nova  Scotia,  wad  on 502 

Sutton  township,  Quebec,  manganese  carbonate  in ^^„    581 

Swank,  James  M.,  cited.... „ .^.  27-2S 

Sweden,  exports  of  manganese  from.. » „..      74 

production  of  manganeseore  in „ ..„ ^ 73 

Sydney,  Cape  Breton,  wad  near .m....m«m. 502 

'  Sylamore  sandstone.  Ark ».m 113, 114 

Tahiti,  manganese  oa  sea  bottom  near » m.  ..^ .^,    566 

Tall  Peak  Mountain,  Ark.,  manganese  on.... » ^.  803,  359-360 

'Tnlladega  county,  Ala.,  nianganese  in „ 431 

Taylor,  J., and  Company,  cited ^ 91,  518 

Rirer,  Colo.,  manganese  and  manganiferous  iron  deposits  of 458-459 

Tszewell  county,   Va.,  manganese  in  ^ .^ ^ 409 

Telluride,  Colo.,  manganese  in  silrer  deposits  at. -»....... ^^ 461 

Tennant,  Chas.,  St.  Rollox  Chlorine  Works,  erected  by 5, 43 

Tennessee,  history  of  manganese  mining  in 57,  58, 61,  374 

manganese  deposits  of.. 372,  374, 377,  414-416 

geologic  relations  of 376-979 

ores  of « 380-383 

production  of......... «•....•• m..mm«  .•...»•......     66 

Tenny  Cape  mine,  Nora  Scotia ..» 496,516,  518^22 

brecciation  of  manganese-bearing  rock  at 531-538 

Tepbroite 76,  86,  92,  435-436,  437,  444-545 

Terre  Noire  Company,  France,  manufacture  of  ferro-manganese  by 11, 17 

Terreil,  cited „ 37 

Tertiary  deposits,  distribution  of  mangaoeec  in... 605 

Tdte  2  Gauche  Falls,  New  Brunswick,  manganese  deposits  at ^    515 


INDEX.  639 

Texas,  mangtnese  deposits  of 4S2-447 

geologic  relatioQB  of 432 

ores  of 432-441 

mode  of  occurreuce  of ^ 441 

Thlnolltlc  tufa  of  Nevada 475 

Thomts,  Cecil,  trac,  Ark 275 

Thomson,  analysis  hy 82 

C.  Wyville,  cited ^ „ 666-567 

T.,  analysis  by 486 

Thornton,  Webb,  claims,  Ark 353-354,858 

shipments  of  manganese  ore  by 806 

Tin,  alloys  of  manganese  with 7,  38 

Tingle  property,  Ark „    283 

Tomales,  Cal.,  manganese  at, 489 

Tombst4)ne,  Ariz.,  mtngaoiferous  silver  deposits  of 64,  449,  450,  465-468 

Topsham,  Vt ,  manganese  at 899 

Tosh  Hill,  Ark.,  manganese  on 258 

Totty  property,  Ark » 248 

Tracadie,  Nora  Scotia,  wad  at. .'. „    502 

Transylvania,  alabandite  in ^    555 

carbonate  of  iron  and  manganese  in 554 

Trap  Mountains,  Ark 337,  389, 840,   (see  Ouachita  Mountains). 

Trapa  nutans,  manganese  in 8,  561 

Trent,  Clinton,  tract,  Ark 280 

mine.  Ark 232-234 

Triassic  rockn,  distribution  of  manganese  in ....^...  604-605 

Trimerite 76,545 

Triog,  township  of,  Canada,  wad  in 502 

Triphylite 76 

Tripllte , 76 

Troilite _    555 

Tro)st,  Gerard,  cited 104 

Truro,  Nova  Scotia,  manganese  near 525 

Tsehermak,  Gustav,  cited^ „ 152 

Tungstates  of  manganese 76,  450,  456,  469,  477  542 

Tungsten,  with  manganese 94-95,  470-471 

Tunnel  Hill  mine,  Ga » « 61 ,  880,  430-481 

Tuolumne  county,  Cal.,  manganese  depositsof 491,492-495 

Turgite  in  southwestern  Arkansas 317,847 

Tijrkey,  exports  of  manganese  from 70,  74 

production  of  manganese  ores  in 78 

1  uroer,  analy»i4  of  brauoite  by 158 

cited 161,  152 

Creek,  Ark ^  210,255 

manganese  deposits  in  basin  of 260-276 

mine.  Ark 62,  105,260,267,271-274 

Vniacke  Mountain,  Nova  >>cotia.  pyrolusite  on.. 525 

Unionvale,  N.  Y.,  manganese  at „ 899 

Cnited  Itat's,  distribution  of  manganese  ores  in.... «.      57 

exports  of  maogaoese  ores  from 68-69 

history  of  manganese  mining  in 57-64 

imports  of  manganese  ores  into 69-70 

spiegeleisen  and  ferro-manganese  into.. 28-29 

production  of  manganese  ores  in 64-66, 78 


640  ANNUAX  RBPOBT  8TATB  GEOLOGIST. 

United  SUtei,  parodaction  of  mangaaiferotui  iron  ores  in ,»^^. — .„ m...^....     67 

ttiTor  ores  1d.»«»«» »„»«,««<««««„,» .»„,„m,......,,«,^,,  67*6S 

•pitgeloiaen  and  ferro-maogmnMe  io. ^^^......^^  27-3S 

vaioDciooDevf  ~^*>  ciioQ«**a«« •••<•■•««*•••••  »«»««»—»«»«>—«»««»«—»«»»»»»»»«»»»»»«««.»»«.»»»«»»««»»»»»««»«»»,„«,»«,»,  Sv^SS 

Valparaiao,  manganoM  on  the  sea  bottom  near —^ ~......» ^ »...«« See 

van  jsureo  lumacei  » ^ *-■*■* "»"-^^-'—-- — ....... — »^ »»-»—.-., — ^ .-.» mummm ..„..^. ».    eOv 

Varec,  manutectnreof  bromine  from .» mm« -* ...m. — - 4ft 

Vamlahce,  use  of  mangancee  in « „ „^....««^.....^ 7, 5» 

varraciio  •••••••••••••••••«•••••«•••••••••••••••«•••••••«••••••■•••••••••••••••••  ••••••••••••«••••••••*«•,»«••••*•  «•«■,« *•»••(  „,n      <& 

Vegetable  kingdom,  manganeee  in ^ ^.^ „ .» ^ ...^....... ... 2,  ft 

Vermont,  history  of  manganese  mining  in...... .«^ ^^^...  57,  S8,  60, 874,  sH 

manganese  deposits  of » «.. 87S,  877,891-899 

geologic  relations  of ^ ..^ 876-886 

mines  iD>>«M...*.*.««*....«..«.>....*a«.... ..••••.•••••■•.•..........(.*.,.«...... ..,..,„,„,  892499 

ores  oi..... ............. .•*.•..•...........*....••••*. a................... .a*...  msi— wM,  K)9,  S90 

prodactlon  oL............^^ „ „ 66 

production  of  mangaolferons  iron  ores  inM.........^ m..«^.m....m*m^......mm...m».  66,  67 

Virgin  Islands,  manganese  on  the  sea  bottom  near ..,.„       866 

Virginia  uanjron,  \/Oio>,  mangancee  in».............M*«M*.«*...».......M*.*...«M........M.....*......*.*M*.M'   ASS 

Virginls,  historj  of  manganese  mining  in...^ 57-61, 878-876 

manganeee  deposiu  of „ „^ ....^ 872-888,  401-418 

geoloflo  relations  of ., „ 876-886 

Mining  Company,  operations  oL........^ -..• 406 

ores  of.........« ^....................^ 880-884 

mode  of  oeeurrence  of ...^ .^ ........  885^6 

production  oL...„.. mm.»... .......^m*— m^.......     65 

production  of  manganiferous  iron  ore  in..........*............... «...••«.«.,  66,  67 

von  >jOiUi,  D*t  ci»eo. «».......«.«.».........«...»»■«»»....»..—»..>»».. .m .»».»■«»■............»«....»...«..«...«»...««»».»..    ssw 

Wad 65-66,  77,83-88,  94,144,  154,  818,828-880,  879,  881,889,458,466,468,469. 

477, 601-502.  5n6 

cobalt  and  nickel  in .-. 77,  94 

ralations  of  to  otheroxides  of  manganeee.... 541 

uses  OI.....I... •..»...  •.•..M.**.*.*..**......*.*.....*  ••.*•..•.........••. .................M..****.*  00,  00,  88,  100,901 

Wakefield  Coal,  Iron,  and  Land  Improvement  Company,  analyses ..^.............mm.......    446 

operations  of  at  Spiller  mine, 

Walcott,  C.  D.,  on  the  age  of  the  quartsites  of  the  Appalachian  region.. 877-978  • 

Walton  mine,  Oanada. » ». 59,  497,  500,516,  624-52S 

Ward,  J.  C,  claim,  Oolo.,  analysis  of  manganeee  ore  from... 464 

iViiiarfli  A^*, oiteQ...... .....••..••. .................. ..•..••■•■•M........ .......v................ M....»MM.  ]#•  is, 80 

mine,  Polk  county.  Ark. 868-866 

quarry,  Independence  county,  Ark 186 

Warden's  quarry.  Ark.,  lithographic  stone  at...... .m...... •mmmmm..........mm....    122 

Ware,  Lewis,  tract .«.«» 61,  428-426 

Warm  Springs,  N.  C,  manganese  at ».. ^....^..........^ 418 

Warren  county,  N.  Y.,  manganeee  in «.........«......^.«    896 

va.,  manganoBv  ID............... .........  .................................................. .....  mi    sw^ 

Watt,  James,  chlorine  works  started  by......M..M....MM. ——,•• „, m......m.m.......       4 

\y  ay  land,  rft  ^^*t  analysis  Arum ........................................ ..................................... ..........    sol 

Wedge  mine,  Arix.,  manganiferous  silver  ores  at............M.M......M..  •.•••m........m*...m*.......mm    46S 

Weeks,  Joseph  D.,  (in  Mineral  Bosouroes  of  the  United  States)  cited..  68, 60, 61, 65, 66, 
67, 68,  72^  78,  74,  92, 98, 108,  804,  874,  875,  800,  896,  400,  401, 408,  406,  407,  406,  412, 418, 

416,  418,  419,  481 
Weissstrahl ..m........ m..m m. —-• .^..^m 10, 8^ 


INDEX.  641 

Weldon,  Walter,  prooen  of,  for  regeneration  of  manganeee  peroxide ^ 5,  45-46 

Wella,  David  A.,  cited „_ ^ _ _    502 

Wendel,  August,  cited ^ ^ „ 24 

West  Chester,  Penn.,  manganiferoas  garnets  at .^ „„   400 

Westchester  couotj,  N.  Y.,  manganese  in ^,.^ „ ^ 899 

West  Hannah  Mountain,  Ark.,  manganese  on .«, ^ 862,868-864 

Westmorland,  England,  deposlUon  of  manganese  on  river  pebbles  of- ^ ^ 682 

White  Brass  Companj,  manufacture  of  Parson's  manganese-bronie  by „ 85 

porphyry  of  Colo — 492 

J.  B.,  and  Company,  operations  of  at  Crimora  mine,  Va- .^ ^ ^.  60, 875, 402 

operations  of  at  Houston  mines,  Va ^^ 407 

Kiver,  Ark 109,209,210,229,266,256,257,260,  278,288,286,288 

navigability  of. ^ „ ^ 109, 284 

Manganese  Company,  operations  of  in  Bateeville  region.  Ark- ^...........-.    106 

transportation  on  in  Bateeville  region ^ ^...  297-298 

Whitfield  county,  Oa.,  manganese  deposits  in 874,  880,  417,  425,  480-481 

Whitney,  J.  D.,  cited „ „ 58, 480, 488, 485, 492,  498 

Whittemore  and  Bunch,  operations  of  in  PuUskl  county,  Ark .    827 

tracts -. ^ 882-888 

Whitthorne  tract.  Ark _ _ -251-258 

Wiesbaden,  deposition  of  iron  and  manganese  by  warm  springs  of- 558,  570-571 

Wilbum.  Capt.  Ed.,  cited ^. 271 

Willemiie  of  New  Jersey _ _ ^ „ ^  91-98 

Willisms,  H.  S.,  cited 99, 101-102, 108, 112, 114. 115, 128-124, 125, 188,  809 

J.  Francis,  cited » «-^ - ^  76, 128 

Williamson,  R.  P.,  tract.  Ark „„ „«. „..    277 

Will ip,  Bailey,  cited ^ ^ ^ 878 

Wilson  Hills,  Ark „ ^^ 212,286-287,  289 

John,  trsct.  Ark ^ „...«„ 286-287 

Winchester,  N.  H.,  manganese  at ^ ^ -„ 890 

Windsor  county,  Vt.,  manganese  in..........  ....-^ 899 

Wisconsin,  lead  ores,  origin  of... - „ -  562, 568, 591 

manganiferous  iron  ores  in ..^ ^ 89 

Wolff,  J.  E.,  cited « 878,  892 

microscopic  examinations  by .» 127-128,186-187,  170,588,594 

Wolframite 76,94 

WoKville,  Nova  Scotia,  manganese  at 525,  526 

Woodstock,  Ala.,  Iron  Company,  manufacture  of  spiegeleisen  by 18,  80 

manganiferous  iron  ore  at 481 

Va.,  manganese  near 408 

Woodward,  E.  H..  operations  of  in  Baiesville  region.  Ark 62, 105-106,  282,  239,  261,  292 

CartersTille  region,  Oa «....„ «-.  419,  421 

trsct.  Ark... 282 

Woota  iron  ore,  use  in  manufacture  of  steel- -» - 18 

Wortben,B.  W.,  operations  of  in  Fletcher  range- 827 

trace.  Ark- „ 819, 383  335 

Wren  mine.  Ark « -  260, 267,274-275 

Wurtzite  in  Qagnon  vein,  Mont - -    456 

Wuth,  Otto,  analysis  by .« 80 

Wythe  county,  Va.,  manganese  in- 409 

Xanthoniderite  in  southwestern  Arkansas 816 

Yohogai^y  Valley,  Md.,  manganese  in 401 

York  county,  Penn  ,  manganiferous  iron  ore  in - ^ 400 

New  Brunswick,  wad  In- - 502 

41  Geological;  Vol.  i.,  1890. 


<>42  ANKITAL  REPORT  STATE  OEOLOCHST. 

YouuKite ~ JiM 

Zinc,  Hlloraof  inoogaoeie  with ^ 7,  38 

bleodein  Montftiia 452,454 

in  luftiigaoiferouMfilTcroresof  Buckj  MouDUin  ragion ^.    449 

ores,  manRanlfemut,  of  New  Jerwy ^ .^  6S,  83,  i*l-93 

Zimite ^ 91,93 


' 


T901» 


